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SUMMARY AND CONCLUSIONS 

A total of 149 samples of the following 7 types of samples 
were tested for their virological quality between June 1978 and 
May 1979. 

a) raw and treated water from the Lemieux Island Water 
Purification Plant (sites 1 and 2 on Figure 3) 

b) Ottawa River water collected at four different 
locations downstream of the Gatineau River (sites 3-6 
on Figure 3) 

c) Ottawa River water collected at Britannia Beach 
( site 4 on Figure 1, Appendix I) 

All samples were concentrated using the talc-Celite 
technique and human embryonic kidney (HEK) cells were employed 
for the detection of enteric viruses in the sample concentrates. 

The following conclusions are based on the data generated 
in this study: 

(1) Using polyethylene glycol (PEG) hydroextraction, recoveries 
of five laboratory adapted enteric viruses (polio 1, echo 6, 
coxsackie B_, coxsackie A q , and reo 3) and four freshly 
isolated enteric virus strains (polio 1, echo 1, coxsackie B 
and reo) ranged from 87-97%. 

(2) The efficiency of the talc-Celite technique was tested by 
using potable water samples experimentally contaminated with 



a) strains of enteric viruses recovered from field samples 
of wastewaters, and b) indigenous enteric viruses contained 
in raw sewage. An average of 88.0% of input virus could be 
recovered when potable water samples contaminated, in separate 
experiments, with five different isolates of enteric viruses 
( a vaccine strain of polio 1, non-vaccine strain of polio 1, 
echo 1, coxsackie B_, and reovirus) were concentrated by 
this technique. When potable water samples containing 
either 0.05% or 0.1% of raw sewage were processed by this 
method, about 86.0% of the indigenous enteric virus plaque 
forming units could be recovered. 

(3) Concentrates from field samples were always free of any 
obvious cytotoxicity for HEK cells. 

(4) 100L volumes of raw water were collected and concentrated. 
83% (29/35) of these were found to contain detectable 

levels of enteric viruses. This represents a higher frequency 
of virus-positive samples compared to those from the raw water 
collected at the Britania Water Purification Plant (BWPP) . 

(5) Approximately 1000L volumes of treated water were concen- 
trated . 29% (11/38) of the concentrates from these samples 
showed cytopathic effects in cell culture. Preliminary 
electron-microscopic examination of material from some of 
these cultures showed the presence of virus-like particles. 

(6) 40L sample volumes were collected and concentrated from each 
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of the four sampling locations downstream of the Gatineau 
River. At each site, every sample was found to contain 
detectable levels of enteric viruses. 

(7) The virus levels in the above four samples were noticeably higher 
than those found in the upstream locations on the Ottawa River. 

This indicates the role of Brewery Creek, the Gatineau River 
and possibly the Rideau River in the virus loading of the 
Ottawa River water. An analysis of the fecal coliform and 
fecal streptococcal levels present in these samples indicates 
these viruses may be mainly of human origin. 

(8) On the basis of the limited number of samples analysed, it 
is not possible to accurately determine the amount of virus 

entering the Ottawa River as a result of the effluent discharges 
from Green Creek Pollution Control Centre (GCPCC) . A separate 
study, incorporating the virological examination of the 
effluent samples, as well as those of the river water upstream 
and downstream of the effluent discharge point, would be 
necessary before any meaningful conclusions could be drawn 
on the extent of virus reduction by the recently introduced 
phosphate removal step. 

(9) 40L samples of river water were collected at Britannia Beach. 
74% (17/23) of the concentrates from these samples were 
shown to contain detectable levels of enteric viruses. This 
is in contrast to S5% (11/20) found to be virus positive 

at the same site in Phase I . However, the levels 
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of IU/10L in the virus positive samples fell within a 
similar range in both phases. 

(10) Presence of low levels of indicator bacteria in the Britannia 
Beach samples did not necessarily correspond with the absence 
of enteric viruses. 

(11) In this report, the data obtained have been considered in 
relation to the virus standards for potable, raw and rec- 
reational waters proposed in Phase I. 



SECTION I 



GENERAL INTRODUCTION AND BACKGROUND 



The Ottawa River, which is nearly 696 miles long, drains an area of 

some 56,500 square miles in Quebec and Ontario (Environ. Can., 1975). It 

g 
receives more than 1.1x10 L (25 million imperial gallons) of raw sewage 

g 
(mostly from the Quebec side) and nearly 4.05x10 L (90 million imperial 

gallons) of partially treated sewage effluents every day (Fed.-Provin. 

Working Group Rep., 1978). It has several beaches and close to 700,000 

persons rely on this river as a source of their potable water supply. 

Figure 1 shows the distribution of population along the Ottawa River 
and the cumulative volumes of sewage discharged into it. It is obvious 
that the greater Ottawa-Hull area (Section 13-14 in Figure 1) has approxi- 
mately ten times the impact on the river system of all the other populated 
areas put together. 

The area which was under investigation in Phase I of this study is 
situated on the upstream side of Ottawa-Hull and includes the Britannia 
Water Purification Plant C^WPP) as well as a recreational area at 
Britannia Beach (BB) . 

At the beginning of the study Watt's Creek Sewage Treatment Plant (WCP) 
was the only identifiable point source of partially treated sewage disposal 
situated within 10 km upstream of BB and BWPP. However, during the course 
of this investigation an additional point source, discharging raw sewage, 
was identified. This is the Aylmer Marina (Quebec) approximately 6 km up- 
stream of the beach and the treatment plant tested. 



Figure I 
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POPULATION ALONG THE OTTAWA RIVER AND THE CUMULATIVE VOLUMES 
OF RAW AND PARTIALLY TREATED SEWAGE DISCHARGED INTO IT 
[based on raw data from Federal-Provincial Working Group Report {May 1978)] 
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LAKE 
TEMISCAMING 



Approximately 24 mile sections of the Ottawa River ST LAWRENCE 
between Lake Temiscaming and the St. Lawrence Seaway SEAWAY 



Data obtained from examination of raw water and recreational water 
samples collected at the above sites frequently indicated the presence of 
viral pollution (Sattar, 1978a) . A synopsis of the report based on this 
study is included here as Appendix I. 

The BWPP supplies only 50% of the drinking water for the Ottawa area. 
The remaining 50% comes from the Lemieux Island Purification Plant (LIPP) . 
The LIPP, with a rated capacity of 1.9x10 L (42 million imperial gallons) 
per day, is situated approximately 9 km downstream of the BWPP on the 
Ottawa River. On this 9 km stretch of the river there are additional 
point sources of sewage pollution. Moreover, the LIPP is situated on an 
island in the middle of the river and immediately after two sets of rapids. 
The location of this plant, therefore, makes it more vulnerable to the 
impact of sewage pollution. The treatment procedures being basically the 
same at both of these water treatment facilities, is the LIPP successful 
in removing viruses from the river water being treated there ? 

The Gatineau River and Brewery Creek (Figure 3 ) represent major 
sources of sewage entering the Ottawa River (Environ. Can., 1976). The 
Rideau River (Figure3 ), storm water discharges and sanitary sewer surcharges 
also add a considerable amount of liquid waste to the Ottawa River. How are 
these sources affecting the quality of water in this river from the virologi - 
cal point of view? 

The Green Creek Pollution Control Centre (GCPCC) is the largest sewage 
treatment facility in the region. It processes approximately 80 million 
imperial gallons of sewage per day. Earlier work conducted in our laboratory 



had shown that in spite of the primary treatment and chlorination of 
effluent, large quantities of human pathogenic viruses were being 
discharged into the Ottawa River from the GCPCC (Sattar and Westwood, 
1978) . Since then a phosphate removal step has been added to the sewage 
treatment procedure at this plant. What is the virological quality of 
the river water downstream of the effluent discharge from GCPCC ? 

The following were, therefore, the main objectives of Phase Ii of 
this investigation: 

(1) To determine the virological quality of the raw water at the 

LIPP. 

(2) To detect the presence of human pathogenic viruses in treated 

water from LIPP. 

(3) To examine the virological quality of the Ottawa River water 

downstream of the Rideau and Gatineau rivers. 

(4) To determine the virological quality of the Ottawa River water down- 

stream of the point of effluent discharge from GCPCC. 

(5) To test the virological quality of the water from BB in an 

effort to reconfirm the findings of Phase I of this study. 



SECTION NO. II 



FURTHER TESTING OF THE SAMPLE CONCENTRATION TECHNIQUES 



A. INTRODUCTION 

The final report (Sattar, l978a)for Phase I of this study describes 
in detail the development and testing of the talc-Celite and polyethylene 
glycol hydroextraction techniques for virus concentration from the water 
environment. All the experiments described there were conducted with 
samples experimentally-contaminated with a vaccine strain (Sabin) of 
poliovirus type 1. The decision to adopt these techniques for the 
processing of the field samples was based on the information generated 
through these experiments. However, it was considered necessary to further 
test the efficiency of these techniques using samples experimentally- 
contaminated with representives of other types of enteric viruses known 
to be present in sewage-polluted waters. It was also important to find 
out how the presence of raw sewage in potable waters could affect their 
virus-concentrating efficiency. 

This section describes these experiments and their results in detail. 



B. MATERIALS AND METHODS 



(i) Cells 



BS-C-1 cells (Hopps et al . 1963] were used for the growth and 
plaque assay of the viruses throughout this study. A seed culture 
of these cells was initially obtained by us through the courtesy of 
Mr. Dan McLeod of the Laboratory Centre for Disease Control (LCDC) , 

Ottawa. As stock cultures, the cells were routinely cultivated as 

2 
monolayers in 75 cm plastic tissue culture flasks (Corning) using 

Eagle's minimal essential medium (MEM) in Earle's base (Autopow; 

Flow Laboratories) . Each 450 ml of the medium was supplemented 

with 25 mg gentamicin (Schering Corp.), 13.5 ml of a 5.6% solution 

of sodium bicarbonate, 5 ml of a 200 mM solution of L-glutamine 

(Flow Laboratories) and 50 ml of virus - and mycoplasma - tested 

fetal calf serum (Microbiological Associates). 

Each cell monolayer was trypsinized using 2 ml of a mixture of 

+ + + + 

trypsin (0.25%) and versene (0.05%) in Ca - and Mg - free phos- 
phate buffered saline. A split ratio of 1:4 was generally used for 

the passage of the cells and the cultures for plaque assay were put 

2 
up in 25 cm plastic tissue culture flasks. 



(ii) Viruses 



(a) Laboratory-adapted strains . Poliovirus type 1 (Sabin) was 

obtained from the LCDC. Echovirus 6 and coxackievirus B^ were 
kindly supplied to us by Dr. T.P. Subrahmanyan of the Central 



Public Health Laboratories, Toronto. Coxackievirus A was a 
gift of Mr. P. Phipps of the Children's Hospital of Eastern 
Ontario, Ottawa. Reovirus type 3 (Abney) was obtained from 
the L.C.D.C. All viruses were plaque purified in our labora- 
tory prior to the preparation of virus stocks in BS-C-1 cells. 
Virus stocks were stored in 0.5 ml aliquots at -80°C. 

(b) Field Isolates . Field isolates used in this study were viruses 
that were recovered from samples of waste and surface waters 
during earlier studies in our laboratory (Sattar and Westwood, 
1976b; 1977; 1978). Identification of these isolates was 
carried out on the basis of cytopathology, electron microscopic 
examination and serology. The poliovirus isolates were subjected 
to temperature marker (Lwoff and Lwoff; 1959) and serodifferen- 
tiation (McBride, 1959) tests. Further confirmation of the "wild" 
nature of the non-vaccine poliovirus strains was kindly carried 
out for us by Dr. N.A. Young Cpersonal communication) of the 
U.S. National Institutes of Health. 

After their initial isolation in BS-C-1 cells, the field 
isolates had undergone one more passage in BS-C-1 cells prior 
to their use in this study. 

(iii) Plaque Assay 

The growth medium was removed from confluent monolayers of BS-C-1 
cells and then they were washed once with about 5 ml of Earle's balanced 
salt solution (EBSS) . A 0.5 nil aliquot of the appropriate inoculum was 
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introduced into each culture using at least five flasks for each sample 
dilution tested. The inoculated cultures were placed at 37°C for ninety 
minutes with periodic distribution of the inoculum during the incubation 
period. The excess inoculum was removed and 5 ml of an agar overlay was 
introduced into each culture. For poliovirus type 1 (field isolates) , 
the overlay consisted of MEM supplemented with 2% FCS and 0.75% Noble 
agar (Difco). When working with other enteric viruses, Bacto agar (Difco) 
was used instead of Noble agar and the medium was further supplemented 
with 200ug/ml of DEAE Dextran (Pharmacia) and lOOug/ml 5-bromodeoxyuridine 
(Sigma) . 

When the plaques were ready to be scored, each monolayer was fixed 
for at least one hour in 3 ml of a 10% formalin solution in normal saline 
at room temperature. After the removal of the fixative and the agar over- 
lay, the cultures were thoroughly washed in tap water and stained with a 
crystal violet solution (Preston and Morrell, 1962). A 3 to 5 minute 
exposure to the stain was necessary before the final washing of the culture 
in tap water. 

( i v) Hydroextraction with Polyethylene Glycol (PEG) 

A known amount of the virus under study was added to a 100 ml volume 
of 10% FCS in saline (pH 9.0) either before (eluent) or after (eluate) it 
was passed through talc-Celite layers. The virus-contaminated sample was 
then poured into a dialysis sac (2.7 cm diameter; 4.8 nm pore size) and 
the sac was sealed and placed in a 250 ml glass beaker. Enough PEG 6,000 
powder was poured into the beaker to completely surround the sac and it 
was placed at 4°C. Hydroextraction was allowed to proceed overnight (16 
to 19 hours) . 
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Nearly all the liquid from inside the sac was removed during 
overnight hydroextraction. The brown viscous material remaining 
in the sac was resuspended in 10 ml of EBSS and plaque assayed 
after membrane filtration. 

(v) Water Samples 

The potable water samples used here represented a municipal 
supply of treated surface water (Ottawa River). Details of the 
techniques for sample conditioning, contamination and processing 
have been described previously (Sattar, 1978a) . In brief, sample 
conditioning was carried out by pH adjustment to 6.0 and addition 
of Earle's balanced salt solution Cas a source of divalent cations) 
to give a final concentration of 1:100. For experiments with the 
field strains, a known amount of virus under test was added to a 
one- litre volume of the conditioned sample and, after a thorough 
mixing, a 20 ml amount was removed to act as control. The 
remaining sample was then passed through a layer containing a 
mixture of 300 mg talc and 100 mg Celite 503. The layer- adsorbed 
virus was eluted by the subsequent passage of 10 ml of 10% fetal 
calf serum (FCS) in saline (pH 9.0) through the layer. The control 
and eluate were plaque assayed to determine the amount of in-put 
virus recovered. 

(vi) Raw Sewage 

Samples of raw sewage were obtained from the Green Creek 
Pollution Control Centre in Ottawa. When investigating the effect 
of sewage contamination, raw sewage was added to a 20- litre volume 
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of conditioned potable water to give a final concentration of cither 
0.05% or 0.1%. The sample was then passed through a layer containing 
a mixture of 1.2 g talc and 400 mg Celite 503. The layer-adsorbed 
virus was eluted with 100 ml of 10% FCS. The eluate was concentrated 
10-fold by hydroextraction with polyethylene glycol. The concentrate 
was then plaque assayed. To determine the amount of enteric virus 
plaque forming units (PFU) in samples of raw sewage used for experimental 
contamination, a 200 ml volume of it was subjected to concentration by 
the talc-Celite technique as described previously (Sattar and Westwood, 
1976a) . 
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C. EXPERIMENTAL AND RESULTS 

(i) Hydroextraction 

Adsorption-elution techniques used for virus concentration from 
the water environment require between 100 to 2,000 ml of a suitable 
eluent for the recovery of matrix-adsorbed virus. A further 10- to 
200-fold reduction in the volume of the eluate becomes necessary 
before its inoculation into cell cultures. A number of techniques 
have been reported for the second-step concentration of eluates. 
These include two-phase separation (Shuval et al . 1967, 1969), use 
of smaller diameter membrane filters (Wallis et al . 1972a, 1972b), 
polyethylene glycol (PEG) hydroextraction (Cliver, 1967; Wellings 
et al . 1975), organic flocculation (Katzenelson et^ al . 1976) and 
aluminum hydroxide flocculation followed by hydroextraction (Farrah 
et al . 1977) . 

In our laboratory virus adsorbed to talc-Celite layers is eluted 
with 100 ml of 10% fetal calf serum in normal saline (pH 9.0). A 
suitable means of second-step concentration was, therefore, required 
for a further reduction in the volume of this eluate before its ino- 
culation into cell cultures. Of the techniques reported for this 
purpose, PEG hydroextraction appeared most promising. In tests with 
samples experimentally-contaminated with poliovirus type 1 (Sab in) , 
the technique was found to be highly efficient (Sattar, 1978a) . 
Further testing of this technique in the second-step concentration 
of other types of enteric viruses is described here. 
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(a) Overnight PEG Hydroextraction of Enteric Virus -contaminated Eluent . 
To a 100 ml volume of 10% fetal calf serum in saline (pH 9.0) a known 
amount of virus under test was added. The sample was then placed in 
a dialysis sac and hydroextracted with PEG 6,000 overnight (16-19 
hours) at 4°C. This resulted in the removal of nearly all the liquid 
from inside the sac. The brown viscous material remaining inside the 
sac was resuspended in 10 ml of EBSS and plaque assayed. The results 
of experiments with 5 laboratory- adapted strains of enteric viruses 
(Sabin, polio type 1, echo 6, cox. A g , cox. B and reo_) are presented 
in Table 1. With a 10-fold concentration, recovery of input PFU for 
the viruses tested ranged between 83% and 95%. 

(b) Overnight Hydroextraction of Experimentally-contaminated Samples of 

the Eluate . Field samples of raw and finished waters contain a variety 
of chemicals, some of which are retained by the filtration matrix during 
sample processing. Passage of eluents through the matrix for virus 
elution also results in the release and accumulation of these chemicals 
in the eluate. Concentration of eluates containing such chemicals 
could make it either virus inhibitory or cytotoxic. 

The experiments conducted up to this stage involved experimentally- 
contaminated samples of the eluent . However, it was considered necessary 
to demonstrate that the technique was also efficient in virus recovery 
from experimentally-contaminated samples of the eluate . 



15. 



TABLE 1. Overnight polyethylene glycol 6,000 hydroextraction in the 
concentration of laboratory-adapted enteric virus strains from 10% fetal 
calf serum in saline (pH 9.0). 











Total PFU 












in 






No 


. of 


Input virus 


concentrate 


% 


Virus 


experiments 


PFU/100 ml 


(10 ml) 


recovery 


polio 1 
(Sabin) 




6 


1.2xl0 4 


l.OxlO 4 


83 


echo,, 
o 




6 


2.2xl0 4 


2.0xl0 4 


91 


cox. Aq 




4 


0.28xl0 4 


0.24xl0 4 


86 


cox. B c 

3 




6 


0.33xl0 4 


0.29xl0 4 


88 


reo 3 




8 


0.42xl0 4 


0.40xl0 4 


95 



A 100 ml volume of the virus-contaminated sample was hydroextracted 
overnight with PEG 6,000. The material remaining in the dialysis sac was 
resuspended in 10 ml of EBSS and plaque assayed in BS-C-1 cells. 
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Field samples of raw or finished waters were processed using 

talc-Celite layers as has been described in detail earlier (Sattar, 

1978a) . One hundred ml of 10% FCS in saline was then passed 

through the layer and collected as the eluate. A known amount of 

virus under test was added to it before overnight hydroextraction 

with PEG 6,000. The concentrate remaining in the dialysis sac was 

resuspended in 10 ml of EBSS and plaque assayed. Results of these 

experiments with two laboratory adapted (Sabin, polio type 1, and 

echo,) and five field isolates of enteric viruses (one vaccine 
o 

polio type 1, one non-vaccine polio type 1, echo 1 , cox. B and 
reo) are presented in Table 2. 

As can be seen from these data, virus recovery from the 
concentrated eluate compared favorably with the results of the 
experiments with the eluent; between 88 and 96% of the input PFU 
of the 7 enteric virus strains could be recovered with a 10-fold 
concentration of the eluate. 

[ii) Concentration of Enteric Viruses using Talc-Celite Layers 

In earlier experiments (Sattar and Westwood, 1976a; Sattar, 1978a), the 
virus-recovering efficiency of this technique was demonstrated using polio- 
virus type 1 (Sabin) -contaminated samples. Additional testing of this 
technique was necessary to show that it worked equally well in the concen- 
tration of other types of enteric viruses from the water environment. 
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TABLE 2. Overnight polyethylene glycol 6,000 hydroextraction in the concentration 
of enteric viruses from experimentally-contaminated samples of eluates 



Virus 



Type of 
sample passed 
No. of through the 
expts. layers 



Input virus 
PFU in 100ml 
of eluate 



Total PFU 
in 
concentrate 
(10 ml) 



recovery 



lab. -adapted strains 
polio 1 CSabin) 



3 


purified water 


1.40x10 


1.27x10 


91 


3 


raw water 


1.40xl0 4 


1.33xl0 4 


95 


3 


purified water 


1.20xl0 4 


1.13xl0 4 


94 


3 


raw water 


1.20xl0 4 


l.lOxlO 4 


92 



field isolates 
polio 1 



(vaccine strain) 


6 


raw water 


polio 1 






(non- vaccine strain) 


6 


raw water 


echo 1 


4 


raw water 


cox. B 


6 


raw water 


reo 


4 


raw water 



1.7x10 



0.76x10 



0.48x10 

2.20x10' 

0.25x10* 



1.55x10 



0.67x10 



0.42x10 

2.10x10^ 

0.24x10* 



91 

88 

88 
95 
96 



Samples of purified (500 litres) or raw waters (40 litres) from the Ottawa River 
were passed through the talc-Celite layers (Sattar, 1978a). The layers were then 
eluted with 100 ml of 10% fetal calf serum in saline (pH 9.0). A known amount of 
virus under test was added to the eluate and it was subject to hydroextraction. The 
material remaining in the dialysis sac was resuspended in 10 ml of EBSS and plaque 
assayed in BS-C-1 cells. 
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(a) Recovery of Laboratory- adapted Non-polio Enteroviruses . Conditioned 

samples of potable waters were contaminated separately with a known amount of 
echovirus 6, coxsackievirus B_ or coxsackievirus A . After passage 
through the layers, the layer-adsorbed virus was eluted with 10% FCS 
in saline (pH 9.0) . The eluates were plaque assayed to determine 
the amount of virus recovered. Table 3 summarizes the results of 
these experiments. As can be seen from the data, in addition to 
poliovirus type 1 (Sabin) , the technique was also capable of recovering 
90%, 92% and 81% of the input PFU of echo 6, cox. B and cox. A , 
respectively, from one-litre volumes of potable water. When 20-litre 
volumes were tested, 81% of echo 6 and 89% of cox. B_ input PFU could 
be recovered, 

(b) Recovery of Field Strains of Enteric Viruses . The above experiments 
demonstrated the efficiency of the talc-Celite technique in the con- 
centration of laboratory- adapted strains of enteroviruses. However, 
basic differences are known to exist between laboratory-adapted virus 
strains and those that are freshly recovered from clinical specimens 
(Seta et al . 1965; Takemoto, 1966). Because these differences are 
known to influence the adsorption-elution characteristics of virions 
on various chromatographic columns (Ozaki et al . 1965) , they could 
conceivably affect the behavior of enteric viruses on talc-Celite 
layers as well. It was, therefore, important to test the virus concen- 
trating efficiency of this technique using field isolates of enteric 
viruses . 
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TABLE 3. Talc-Celite layers in the recovery of echovirus 6, and coxsackie- 
viruses B and A_ from experimentally-contaminated samples of potable waters, 



Sample volume Input PFU Total PFU % 

Virus type (litres) per sample recovered recovery 



Echovirus 6 


1.0 


4.0xl0 3 
6.8xl0 5 


3.6xl0 3 
5.5xl0 5 


90.0 




20.0 


81.0 


Coxsackievirus B_ 


1.0 


5.0xl0 4 
1.8xl0 5 


4.6xl0 4 
1.6xl0 5 


92.0 


20.0 


89.0 



Coxsackievirus A^ 1.0 1.6xl0 5 1.3xl0 5 81.0 



Results represent an average of four experiments for each virus and 
sample volume tested. 

For one- litre volumes 47 mm diameter layers containing 300 mg talc 
and 100 mg Celite were used. Layer-adsorbed virus was eluted with 20 ml 
of 10% FCS in saline CpH 9.0). Larger layers (142 mm), containing 1.2 g 
talc and 0.4 g Celite were employed for 20.0-litre samples. Virus 
recovery from the larger layers was carried out with 100 ml of the eluent. 
BS-C-1 monolayers were used for plaque assay with five cultures for each 
sample dilution tested. 
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In separate experiments, one- litre volumes of conditioned potable 
water were contaminated with the following field isolates of enteric 
viruses: polio 1 (vaccine strain), polio 1 (non-vaccine strain), echo- 
virus 1, coxsackievirus B_ and reovirus. After passage through talc- 
Celite layers, the layer-adsorbed virus was eluted with 10% FCS in 
normal saline (pH 9.0) . The eluates were plaque assayed to determine 
the amount of virus recovered. Results of these tests are presented 
in Table 4. 

Using this technique it was possible, to recover between 81 to 93% 
of the input PFU of the viruses tested. Behavior of the field strains 
on the layers, therefore, was very similar to that of the laboratory- 
adapted strains tested earlier. It must be noted here that the tests 
with the field strains were conducted using one-litre volumes of potable 
water. An increase in the sample volume is likely to show a certain 
drop in the virus recovering efficiency of the technique. In earlier 
studies (Sattar, 1978a) with poliovirus type 1 (Sabin) , there was nearly 
a 20% reduction in the efficiency of the technique when the volume of 
potable water samples was increased from 20 to 1,000 litres. 

(c) Recovery of Indigenous Enteric Viruses from Sewage-contaminated Samples 
of Potable Waters . Contamination of potable waters with sewage leads 
to the addition of viruses as well as certain organic and inorganic 
impurities. It has been reported that the presence of such impurities 
in potable waters could adversely affect the virus-recovering efficiency 
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TABLE 4. Talc-Celite layers in the recovery of field strains of enteric 
viruses from experimentally-contaminated samples of potable waters. 



Input PFU PFU % 

Virus strain per litre recovered recovery 

, P 0li ° 2 . , 7.2xl0 4 5.8xl0 4 81 

(vaccine strain] 



polio 1 5 5 

(non-vaccine 1.5x10 1.4x10 93 

strain) 

echo 1 2.4xl0 4 2.0xl0 4 83 

cox. B, 1.8xl0 4 1.6xl0 4 89 



3 



reo 



2.2xl0 5 1.9xl0 5 86 



The results represent an average of five experiments with each virus 
strain. 

The pH of a one-litre volume of potable water was adjusted to 6.0 
and Earle's balanced salt solution was added to a final cone, of 1:100. 
After adding a known number of plaque forming units (PFU) to the sample 
it was passed through a layer containing a mixture of 300 mg talc and 
100 mg Celite 503. The layer -adsorbed virus was eluted with 10 ml of 
10% fetal calf serum in saline (pH 9.0) . Plaque assays were performed 
in monolayers of BS-C-1 cells. 
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of certain techniques (Fattal et al . 1977) . To test the effect of 
such contamination on the performance of the talc-Celite technique, 
the following experiments were performed: 

To 20- litre volumes of conditioned potable water raw sewage 
was added to a final concentration of either 0.1% or 0.05%. The 
samples were passed through the layers and the layers eluted with 
10% FCS. The eluates were titrated to determine virus recovery. 

As can be seen from the data summarized in Table 5, between 
84 to 85% of the indigenous enteric virus PFU contained in raw 
sewage added to the sample could be recovered by this method. This 
clearly indicates that the presence of raw sewage, at least in the 
concentrations tested here, in potable water samples does not 
adversely affect the enteric virus recovering efficiency of the 
talc-Celite technique. 
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TABLE 5. Talc-Celite layers in the recovery of indigenous enteric viruses 
from potable water samples experimentally-contaminated with raw sewage. 



Final cone, of Calculated input 

raw sewage in enteric virus PFU 

sample in sample 



PFU recovered 




in s amp 1 e 


% 


cone. 


recovery 



0.05% 13.0 11.0 85 

0.1% 22.5 19.0 84 

The results represent an average of 4 experiments at each sewage cone, 
tested. 

The pH of a 20-litre volume of potable water was adjusted to 6.0 and 
Earle's balanced salt solution was added to give a final concentration of 
1:100. Raw sewage was then added to the desired concentration and the 
sample was passed through a layer containing a mixture of 1.2 g talc and 
400 mg Celite 503. The layer-adsorbed virus was eluted with 100 ml of 
10% fetal calf serum in saline (pH 9.0) . The eluate was concentrated 
10-fold by hydroextraction with polyethylene glycol before plaque assay 
in BS-C-1 cells. 

The concentration of enteric virus plaque forming units (PFU) in the 
raw sewage used for experimental contamination was determined by proces- 
sing 200 ml of it through talc-Celite layers (Sattar and Westwood, 1976a). 
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D. DISCUSSION 

(i) Hydroex tract ion 

Second-step concentration of eluates forms an integral part of 
the techniques designed to recover viruses from large volumes of 
water samples. The simplicity and efficiency of the second-step 
concentration process in virus recovery are, therefore, crucial to 
the overall performance of the sample concentration procedure. 

Various techniques for second-step concentration of water samples 
have been reported in the literature (Cliver, 1967; Shuval et al . 1967 
and 1969; Wallis et al . 1972a and 1972b; Hill et al . 1971; Wellings et 
al . 197S; Sobsey, 1976a;Katzenelson et al . 1976; Farrah et al . 1977). 

In earlier studies in our laboratory (Westwood and Sattar, 1974) , 
two-phase separation (Shuval et al . 1969) using PEG and dextran sulfate 
was able to recover no more than 16% of the added poliovirus from one- 
litre samples of surface water. The technique was also found to be 
cumbersome and time-consuming. 

A number of techniques (Wallis et al . 1972a and 1972b; Katzenelson 
et al . 1976; Farrah et al . 1977) for second-step virus concentration 
call for adjustment of sample pH to highly acidic (pH 3.5) or highly 
alkaline (pH 11.5) levels. Such pH extremes have been shown to be 
deleterious to a variety of viruses expected to be present in sewage- 
polluted waters (Fields and Metcalf, 1975; Farrah et al . 1978). 
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Lowering of the sample pH to 3.5 also results in the flocculation of 
a number of organic chemicals present in the eluate. The presence of such 
floccules makes it difficult to use small diameter membrane filters for 
second-step concentration (Farrah et al . 1976) . Centrifugation of the 
eluate to remove the flocculated material results in the loss of floccule- 
associated virus. 

Although organic flocculation technique (Katzenelson et al . 19 76) 
also involves the lowering of sample pH to 3.5, its relative simplicity 
and the reported efficiency in the recovery of enteroviruses prompted us to 
to test it (Ramia and Sattar, 1979). Using this technique, Katzenelson et al . (1976) 
were able to recover nearly all the poliovirus from experimentally- 
contaminated samples of 3% beef extract (eluent) ; but when the technique 
was applied to experimental ly-contaminates samples of eluate, virus 
recovery was 75%. In our hands, this method could recover only 66% of 
added poliovirus (type 1, Sabin) from samples of 3% beef extract. Of the 
remaining virus, 27% was detectable in the supernatant obtained after 
organic flocculation. Prior to these experiments, the pH meter (Fisher 
Scientific, Model No. 220) was thoroughly checked for any possible mal- 
functioning. Moreover, beef extract from two different manufacturers 
(Difco and Oxoid) was used to rule out the possibility of any inherent 
variations in its virus recovering efficiency. 

PEG hydroextraction for virus concentration was initially reported 
by Gibbs and Cliver (1965). The results of subsequent application 
(Cliver, 1967; Shuval et al. 1967) of this technique to virus recovery 
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from water samples were not encouraging. However, more recent studies by 
Wei lings et al . (1975) showed PEG hydroextraction to be relatively simple 
and efficient in virus concentration from samples of sewage and effluent. 
The results reported in this paper confirm and further extend these 
observations . 

Poor virus recoveries obtained by Cliver (1967) and Shuval et al . 
(1967) with PEG hydroextraction were considered to be due to adsorption 
or entrapment of virus on the inside surface of the dialysis sac. The 
recovery of nearly 90% of the input enteric virus PFU in our experiments 
shows that only small amounts of virus, if at all, were being lost by 
retention in the dialysis sac. 

It has been reported that either PEG molecules or other low molecular 
weight impurities could enter the concentrate as a result of counter 
dialysis (Howe et al . 1964; Gibbs and Cliver, 1965; Shuval et al . 1967) . 
This has been shown to make the concentrate cytotoxic to certain types of 
cells (Gibbs and Cliver, 1965) . In the experiments reported here, the 
concentrates never appeared to be toxic to the cell cultures. The results 
also argue strongly against any noticeable anti- viral effect in the concen- 
trates. Shuval et al . (1967) also believe that PEG may not be anti -viral. 

Because basic differences exist in laboratory- adapted and field 
strains of viruses (Takemoto, 1966) it was considered important to perform 
the experiments using examples of both types of strains. The need to 
include field strains in such studies has also been recently reemphasized 
by Melnick (1978) . The data reported here clearly show that the technique 
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works equally efficiently in the concentration of laboratory-adapted 
as well as field strains of at least two major groups of enteric 
viruses. Although tests with experimentally-contaminated samples of 
adenoviruses have not been carried out, the isolation of adeno- 
viruses from field samples of waste and surface waters (Sattar, 19 78a) 
shows that these viruses, when present, can also be detected by this 
technique. 

In conclusion it may be stated that PEG hydroextraction represents 
a simple and efficient means of second-step concentration of eluates. 
The promise shown by this technique has prompted its inclusion in the 
revised tentative procedure for virus concentration from finished 
waters in the forthcoming edition (15th) of Standard Methods for the 
Examination of Water and Wastewaters (Sobsey, 1978) . 

(ii) Talc-Celite Technique 

From the data presented here it can be seen that the talc-Celite 
technique, combined with second-step sample concentration with PEG, 
represent a relatively simple and efficient means of recovering entero- 
viruses from large samples of potable waters. Because in the procedure 
described here exposure of virus to pH extremes is avoided, chances of 
virus inactivation are minimized. Recent studies have shown that the 
pH resistance of enteroviruses also varies greatly from strain to 
strain (Shaffer, 1977). This also makes it potentially suitable for 
the concentration and recovery of other enteric viruses (e.g. adeno- 
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and rotaviruses) which are known to be more pH- labile than enteroviruses 
(Fields and Metcalf, 1975; Farrah et al . 1978). Although experiments with 
adenovirus-contaminated samples have not yet been carried out, presence of 
adenoviruses among field isolates from concentrates of waste and surface 
waters (Sattar, 1978a) shows that these viruses, when present, can also be 
detected by this technique. The suitability of this technique for the 
concentration of rotaviruses remains to be tested. 

In addition to possible virus inactivation at pH levels of 3.5 and 
11.5, techniques using these pH extremes demand extra care and equipment 
in the adjustment and maintenance of the desired pH values (Farrah et al . 
1976) . Moreover, readjustment of the eluate pH to a physiological level 
is necessary in these techniques before its inoculation into cell cultures. 

Presence of virus aggregates in experimentally-contaminated samples 
and their subsequent disaggregation during sample processing could give 
an erroneous impression of the virus-recovering efficiency of the technique 
(Fattal et al . 1977) . With this in mind, every effort has been made in 
this study to minimize the presence of virus clumps in the samples. In 
this context, the following major points need to be stated: (a) All 
virus pools were stored at -80°C; such storage has been shown to minimize 
virus aggregation (Katzenelson et al . 1974). (b) All virus pools were 
carefully examined under the electron microscope and were found to be free 
from detectable virus clumps. (c) Suspension of virus aggregates in 
balanced salt solutions has been shown to result in their disaggregation 
and also in the avoidance of aggregation of already dissociated particles 
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(Young and Sharp, 1977). [d) All fractions tested by plaque assay 
contained FCS and presence of soluble proteins has also been shown to 
contribute to virus disaggregation (Hamblet et al . 1967); all dilutions 
for plaque assay were made using EBSS and since all fractions, including 
virus controls to determine the amount of input PFU, were similarly 
treated, plaques detected most likely resulted from dissociated infectious 
virus particles rather than virus clumps. 

Experiments using relatively pure water samples contaminated with 
laboratory-adapted strains of enteric viruses give only a preliminary 
indication of the virus recovering efficiency of a given technique. The 
true potential of such a technique can only be determined by testing it 
under experimental conditions which resemble as closely as possible the 
situations it may encounter in the field. This was one of the basic aim 
of the experiments reported here, and as can be seen from the data 
presented, the performance of the talc-Celite technique in the enteric 
virus recovery was highly satisfactory under the simulated field condi- 
tions. 

The enterovirus -recovering efficiency of talc-Celite layers compares 
favorably with other techniques reported in the literature (Hill et al . 
1976; Fattal et al . 1977; Gerba et al . 1978). Using this technique, 
samples of potable water could be concentrated as much as 100,000 fold. 
In spite of this high degree of concentration sample concentrates were 
found to be free from cytotoxicity. 
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SECTION III 

PROCESSING AND EXAMINATION 
OF FIELD SAMPLES 
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A. INTRODUCTION 

The area chosen for Phase II of this study is demarcated in Figure 2 and 
shown on a larger scale in Figure 3. Seven types of field samples were exami- 
ned for the presence of human pathogenic viruses. Six of the sampling sites 
are shown in Figure 3. The seventh type of sample was collected at Britannia 
Beach (Figure 1, Appendix I). The details of the type of sample, number of 
samples and sampling frequency are listed in Table 6. 
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FIGURE 2 



1976 Map (Department of Energy, Mines and Resources g 31G/5) 
showing the Regional Municipality of Ottawa-Carleton (Ontario) 

and Outaouais Regional Community (Quebec) ■ The squares demarcated 

represent the areas where field samples for this study were collected. 
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FIGURE 3 
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TABLE 6 
Type and Number of Samples and Sampling Frequency for Phase II of the Investigation 



Site 
no. 



Type of Sample 



Place of collection 



Period of Sampling 



Frequency of 
sampling 



Total number 
of samples 



Raw water from the Ottawa 
River (RW) 



Intake pipe of the Lemieux 
Island Water Treatment 
Plant 



Beginning of June 1978 to 
beginning of April 19 79 



Once per week 



35 



2 Purified water from the 
LIPP (LW) 

3 Ottawa River Water (AK) 
below the junction of 
Gatineau 6 Rideau Rivers 

4 Ottawa River Water (UD) 
below the junction of 
Gatineau 5 Rideau Rivers 



5 Ottawa River Water CLD) 
below the junction of 
Gatineau S Rideau Rivers 

6 Ottawa River Water (GC) 



7* Ottawa River Water (BB) 



Fleet Street Pumping 
Station 

Above Kettle Island 



Between the southern shore 
of Upper Duck Island and 
the south bank of the 
Ottawa River 

In the channel between the 
Lower Duck Island and the 
North bank of the river 

Downstream of the point of 
effluent discharge from 
the Green Creek Pollution 

Control Centre 

Britannia Beach 



Beginning of June 1978 to 
beginning of April 1979 

Beginning of June 1978 to 
middle of November 1978 



Beginning of June 1978 to 
middle of November 1978 



Beginning of June 1978 to 
middle of November 1978 



Beginning of June 1978 to 
middle of November 1978 



Middle of June 1978 to 
middle of November 1979 



Once per week 
Once per week 

Once per 2 weeks 

Once per 2 weeks 
Once per week 

Once per week 



38 

24 

15 



12 



25 



23 



TOTAL = 149 



* Not shown in Figure 3, see Appendix I, Figure 1. 
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B. MATERIALS AND METHODS 

(i) Cell Cultures 

Human embryonic kidney (HEK) cells were purchased from Connaught 
Laboratories, Toronto. They were used as primary monolayers or as 
first passage cultures. The techniques used for cultivation, passage 
and maintenance of these cells have already been described in the 
final report for Phase I . 

(ii) Sample Collection 

Collection of field samples of river water, and their transporta- 
tion to our laboratory, was regularly carried out by the staff of 
Green Creek Pollution Control Centre. The personnel responsible for 
this job were thoroughly briefed on the importance of the following 
before the start of field sample collection program. 

(a) need for being consistent in location and depth of sampling 

(b) need for rapid transportation of samples for processing 

(c) avoidance of external or cross contamination of the collected 
samples 

fd) the potential dangers associated with handling of sewage 
polluted material 

Samples were collected in non-autoclavable plastic screw cap containers 
of the aporopriate size which were chemically disinfected between samples and 
stored in closed polyethylene bags. Chemical disinfection was achieved 
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by filling the containers with a \% Javex solution and allowing them to 
stand overnight. Residual chloTine was neutralized by subsequent treat- 
ment with a sterile 4% Sodium thiosulfate solution. The external 
surfaces were swabbed with 70% ethyl alcohol. To avoid cross contamina- 
tion between samples, containers were clearly labelled and used exclusi- 
vely for the collection of a single sample type. 

Samples for bacteriological examination were collected simultaneously 
in sterile plastic bottles supplied by the Public Health Laboratory at 
Bells Corners. They were transported to the Public Health Laboratory for 
analysis before the delivery of the samples for virus testing. 

Field samples of raw water were collected and partially processed at 
the LIPP. Due to a lack of a suitable sampling point at the plant, samples 
of treated water from the LIPP were collected and partially processed at 
the Fleet Street Pumping Station (FSPS) . This pumping station is situated 
approximately 2 kilometres from the LIPP and as a consequence the water 
samples collected had been in contact with the chlorine for a longer period 
than those collected in phase I directly at the BWPP. The on-site proces- 
sing is particularly important for purified water for the following reasons. 

(a) When working with field samples it is imperative to minimise 
the possibility of introducing external viral contaminants 
during collection and processing. This can best be achieved, 
when handling such large volumes by processing these samples 
on site rather than in the laboratory. 

(b) It avoided the need for the transportation of sample volumes 
of 1,000 litres and more. 
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(c) Because samples were collected before the water entered 
the distribution system, confusion due to contamination 
in the distribution system itself was avoided. 

(iii) Sample Processing 

The talc-Celite technique was used for the processing of the 
field samples. Details for the preparation of reagents and talc- 
Celite layers for this technique, as well as the procedure for 
sample processing, have been described in the Final Report for 
Phase I (Sattar, 1978a) . The talc-Celite layers were eluted with 
100 ml of 10% serum in normal saline (pH 9.0) and subsequently 
concentrated further by overnight hydroextraction with PEG (Ramia, 
and Sattar, 1979) . The concentrates were resuspended in 20 ml of 
EBSS and filtered through a 0.2 urn membrane filter before inocula- 
tion into cell cultures. 

(iv) Inoculation of Sample -Concentrates 

2 
Monolayer cultures of HEK cells in 25 cm plastic bottles were 

inoculated with sample concentrates. The growth medium was poured 

off and the monolayers were washed once with 2.0 ml of normal saline. 

One ml of the sample concentrate under test was inoculated into each 

culture (Standard Methods, 1976) and they were incubated at 37°C for 

2 hours to allow for maximum virus adsorption. At the end of this 

period maintenance medium was added and the cultures were placed back 

at 37 e C. 
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(v) Observation, Repassage and Blind Passage of Inoculated Cultures 

Periodic light microscopic examination of inoculated cultures 
was performed over a period of 3 weeks. Those cultures that showed 
virus CPE during this time were frozen at -20°C before repassage to 
confirm the presence of a viral agent. Material from cultures that 
remained negative at the end of 3 weeks was also frozen for subse- 
quent blind passage. 

(vi) Identification of Virus Isolates 

In many cases, preliminary indication of the virus group could 
be obtained from the characteristic cytopathology seen in the inocu- 
lated cultures and subsequent electron microscopic examination. 
Serological identification of virus isolates obtained in this phase 
has not yet been attempted for the following reasons: 

Ca) As can be seen in the "Results" section, material from a 
given culture showing CPE was frequently seen to contain 
a mixture of morphologically distinct virus types. 

(b) The Provincial Public Health Laboratories in Toronto had 
kindly carried out serological identification for some 
of the isolates obtained in Phase I. All our virus iso- 
lates in Phase II were obtained in HEK cells. Because 
the Provincial Public Health Laboratories in Toronto do 
not use this cell type it would be difficult for them 
to conduct serological identification on such isolates. 
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Moreover recent budgetary restrictions have limited their 
capacity to undertake identification of viruses recovered 
from non-clinical specimens. 

(c) Although our laboratory had available the basic require- 
ments for serology, limitations of time and manpower 
precluded an attempt at such identification. Prior 
separation of virus mixtures would have been necessary 
before the serological identification could be carried 
out. 

The major steps involved in sample processing and detection and 
identification of isolates are summarized in Figure 4. 
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Figure 4. 

Major Steps Involved in the Processing of Field Samples for 
The Concentration, Detection and Identification of Viruses 



Sample conditioning by addition of Earle's balanced salt solution, sodium 
thiosulfate (for finished water only) and pH adjustment to 6.0 

i 

Passage of conditioned sample through talc-Celite layers 

I 

Elution of layer-adsorbed virus with 10% fetal calf serum in saline (pH 9.0) 

i 

Second-step concentration of eluate by hydroextraction with polyethylene 

glycol 6,000 overnight at 4°C. 

i 

Filtration of concentrate through a 0.2ym membrane filter 

i 

Inoculation of filtered concentrate into monolayer cell cultures and 

adsorption for two hours at 37°C. 

i 

Addition of maintenance medium, incubation of inoculated cultures at 37°C. 

for periodic microscope examination 



No cytopathic effects (CPE) at the end 
of three weeks' incubation 



Cultures showing degenerative 
effects 



Freeze and thaw cultures and 

inoculate material into a fresh lot of same 

type of cells 



(blind passage) 

No CPE at the end of 
three weeks' incubation 



i 



Cultures to be discarded 
and sample to be regarded as 
negative for viruses detectable 
in the host system used. 



(repass age) 

Cultures showing CPE indicate 
presence of viral agent(s) 



( serological ) 

( identification) electron microscope 

( of isolate ) examination 
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C. RESULTS 

(i) Physical and Chemical Characteristics 

Data on physical and chemical characteristics of the seven 
sample types are given in Tables 7-13. Specific conductivity, 
alkalinity, colour measurements , temperature, turbidity, chlorine 
dosage and residual were taken from the records of the LIPP. The 
average air temperature readings and levels of precipitation were 
taken from the monthly meteorological summaries produced by 
Fisheries and Environment Canada for Ottawa International Airport. 
The volumes of samples collected are listed in Table 6. The 
volumes of samples processed differ from those collected only 
when premature blocking of the talc-Celite layers occurred. 

Cii) Microbiological Examination 

Bacteriological analyses on the field samples were carried 
out by the Provincial Public Health Laboratories in Ottawa, and 
the relevant data, together with the data for virological exami- 
nation, are presented in Tables 14-20. The summary of results 
for virus testing of the river water samples is presented in 
Table 21. 

Testing of samples from Britannia Beach was undertaken in an 
attempt to confirm the findings obtained at this site in Phase I. 
Whereas 55% (11/20) of the samples taken during 1977 were virus 
positive, samples collected and tested from June to November 1978 
showed 74% (17/23) to contain detectable virus levels. Although 



FOOTNOTES TO TABLE. NOS. 7-20 

1. Values obtained from the daily records of the Lemieux Island 
Water Purification Plant. 

2. Values obtained from monthly meteorological summaries produced 
by Fisheries and Environment Canada for Ottawa International 
Airport. Average air temperature readings are given for the 
day prior to sampling as samples were taken early in the 
morning. 3-day precipitation figures are given as mm of 
total precipitation for the sampling day and the two preceding 
days. Figures in parentheses show the mm of total precipitation 
which fell as snow. 

3. Bacteriological analyses performed by the Provincial Public 
Health Laboratories at Bells Corners. 

4. Values for infective units per 10L are based on most probable 
number (MPNJ estimates calculated from the number of negative 
cultures in a single dilution series assuming a Poisson 
distribution of virus particles (Sobsey, 1978b). 

NOTES : 



Sample numbers given incorporate date of sampling; e.g. #BB 780911 
refers to Britannia Beach sampled on 11th. of September 1978. 

(ii) N.D. means not done and N.S. means no sample was taken or tested. 

(iii) Ad, Ent and Reo are abbreviations for adenovirus, enterovirus-like 
and reovirus respectively. 

(iv) t.b.i. indicates that isolates have yet to be identified. 



TABLE 7 

Physical Characteristics of Raw Water Samples Collected at Lemieux Island Water Purification Plant 

(Site No. 1 on Figure 3) 



Sample 
No. 


Volume 

Processed 

(L) 


Sample 
pH 


Turbidity 
(f.t.u.) 


Specific 1 
conductivity 
(y mhos/cc) 


Alkalinity 
(mg/L as CaCO.) 


Colour 
(Hazen units) 


Mean air 2 
Temperature 
(°C) 


3-day 2 
Precipitation 
(mm) 


Temperature 1 
of raw water 

re) 


RW780607 


90 


7.2 


1.5 


98 




17 


40 


13.5 




12.6 




18.4 


RW780613 


100 


7.2 


2.0 


97 




15 


46 


23.3 




24.5 




18.8 


RW780619 


100 


7.2 


2.2 


98 




14 


47 


21.1 




41.7 




18.2 


RW780628 


60 


7.4 


1.9 


90 




13 


41 


23.3 




6.6 




21.2 


RW780705 


90 


7.2 


2.2 


83 




14 


34 


19.0 




0.0 




21.8 


RW 780 7 10 


80 


7.4 


1.5 


82 




14 


33 


21.0 




20.2 




23.4 


RW780718 


100 


7.3 


1.8 


78 




14 


36 


20.7 




0.0 




23.6 


RW780725 


100 


7.1 


1.8 


79 




13 


43 


20.1 




1.6 




24.6 


RW780731 


85 


7.3 


2.2 


83 




14 


36 


15.1 




13.0 




22.5 


RW780809 


100 


7.2 


1.4 


84 




12 


33 


22.4 




20.6 




23.8 


RW780816 


100 


7.2 


1.2 


84 




13 


32 


26.2 




18.6 




25.0 


RW780823 


100 


7.4 


1.6 


85 




14 


32 


18.7 




10.0 




24.0 


RW780829 


100 


7.3 


1.8 


85 




15 


40 


16.5 




13.0 




20.2 


RW780914 


100 


7.4 


1.8 


87 




16 


NS 


10.5 




1.6 




17.9 


RW780919 


100 


7.4 


2.0 


86 




17 


33 


12.6 




1.4 




17.2 


Note: Raw water sampl 


es could not 


be collected 


for 4 


weeks due 


to a broken pump 


at the 


Lemieux Island 


Plant 




RW781025 


100 


7.4 


1.6 


88 




16 


44 


-0.6 




7.0 




9.6 


RW781101 


100 


7.4 


1.6 


84 




15 


4 3 


8.5 




0.0 




8.6 






TABLE 7 (continued) 

Physical Characteristics of Raw Water Samples Collected at Lemieux Island Water Purification Plant 

(Site No. 1 on Figure 3) 



S amp 1 e 
No. 


Volume 
Processed 

(L) 


Sample 
PH 


Turbidity 
(f.t.u.) 


Specific 
conductivity 
(y mhos/cc 


Alki 
(mg/L 


alinity 
as CaCOJ 


Colour l 
(Hazen units) 


2 
Mean air 

Temperature 

(°C) 


3 -day 2 
Precipitation 

(mm) 


Temperature 
of raw water 

( e c) 


RW781107 


100 


7.5 


2.1 


84 




15 


43 


10.3 


0.6 


8.6 


RW781115 


100 


7.1 


2.4 


86 




15 


NS 


9.0 


16.4 


7.0 


RW781121 


100 


7.5 


2.9 


90 




16 


60 


-8.0 


(Trace) 


4.6 


RW781130 


100 


7.4 


2.0 


94 




17 


56 


-6.0 


(3.6) 


0.4 


RW781213 


100 


7.3 


1.0 


93 




17 


44 


-5.4 


1.2+(4.9) 


0.2 


RW 790103 


100 


7.2 


1.0 


95 




17 


49 


-7.6 


8.0+(1.8) 


0.2 


RW790109 


100 


7.4 


1.2 


90 




18 


42 


-8.8 


(3.2) 


0.1 


RW790123 


100 


7.0 


1.5 


99 




18 


42 


-8.3 


(29.6) 


0.2 


RW790131 


100 


6.9 


1.8 


91 




15 


43 


-8.4 


(13.1) 


0.2 


RW790207 


100 


6.9 


1.7 


99 




17 


43 


-20.7 


(Trace) 


0.1 


RW790215 


100 


6.8 


1.7 


98 




17 


45 


-24.2 


0.0 


0.1 


RW790221 


100 


6.8 


1.6 


96 




17 


44 


-8.2 


0.6+C1.6) 


0.2 


RW 790228 


100 


6.8 


2.0 


91 




17 


43 


-4.3 


(9.0) 


0.2 


RW790308 


100 


6.8 


2.3 


95 




18 


45 


1.2 


0.2 


0.2 


RW790314 


100 


7,0 


2.7 


96 




20 


39 


-3.5 


3.7+(4.6) 


0.2 


RW790327 


100 


7.1 


13.4 


108 




27 


45 


-5.2 


5.4+(0.6) 


0.2 


RW790329 


75 


7.2 


12.0 


111 




28 


47 


-2.6 


1.2 


0.2 


RW 79040 4 


30 


7.0 


4.5 


105 




27 


44 


4.2 


26.8+(3.4) 


0.2 



*- 
t* 



TABLES 

Physical Characteristics of Lemieux Water Collected at Fleet Street Pumping Station* 

(Site No. 2 on Figure 3) 





Volume 












i 

V 


Colour 
(Hazen units) 


CI dosage 


2 
Mean air 


3-day 2 


Sample 
No. 


processed 
(L) 


Sample 
PH 


Turbidity 
Cf.t.u.) 


A Ik 

Cmg/L 


alinity 
as CaC( 


of plant 

effluent 
(mg/L) 


Temperature 
C°C) 


precipitation 

(mm) 


LW 7806 15 


880 


8.4 


0.28 




18 






4 


1.09 


11.2 


17.9 


LW780622 


1108 


8.5 


0.28 




is 






-I 


1.06 


19.6 


Trace 


LW780627 


780 


8.1 


0.25 




17 






4 


1.04 


19.4 


6.6 


LW780705 


1000 


8.4 


0.42 




18 






4 


1.15 


19.0 


0.0 


LW780711 


828 


8.9 


0.30 




17 






4 


1.11 


21.0 


20.2 


LW780719 


1000 


7.4 


0.32 




17 






4 


1.10 


21.8 


4.0 


LW780726 


1000 


8.1 


0.27 




16 






4 


1.15 


21.0 


0.4 


LW780801 


1008 


8.4 


0.28 




17 






4 


1.14 


16.0 


0.4 


LW780809 


1150 


8.4 


0.30 




16 






4 


1.00 


22.4 


15.6 


LW780816 


1106 


7.8 


0.29 




17 






4 


0.96 


26.2 


0.0 


LW780824 


942 


8.2 


0.2S 




17 






4 


1.05 


16.6 


10.0 


LW780829 


1010 


7.9 


0.26 




IS 






4 


1.01 


16. S 


13.0 


LW 7809 14 


1040 


8.5 


0.31 




21 






4 


0.99 


10.5 


1.6 


LW780919 


1143 


7.8 


0.35 




20 






4 


1.04 


7.9 


1.4 


LW780927 


954 


8.3 


0.42 




IS 






4 


1.03 


6.7 


3.8 


LW781004 


1131 


8.5 


0.26 




19 






4 


0.94 


8.2 


3.9 


LW781012 


1500 


8.5 


0.38 




19 






4 


0.96 


14.2 


4.0 


LW781019 


914 


8.2 


0.42 




20 






4 


0.91 


4.1 


2.2 


LW 781025 


1096 


8.2 


0.38 




19 






4 


0.94 


-0.6 


7.0 



CI residual in plant effluent from L1PP is maintained at 0.9 mg/L. CI residual in water at FSPS is not routinely 
measured. During a 12 month period however, measured on the basis of one sample per month, the mean value was 
.715 mg/L (Range .52-. 90 mg/L). 



TABLE 8 (continued) 

Physical Characteristics of Lemieux Water Collected at Fleet Street Pumping Station 

(Site No. 2 on Figure 3) 



Sample 
No. 


Volume 

processed 

(10 


Sample 
pH 


Turbidity 
Cf.t.u.) 


Alkalinity 
(mg/L as CaC0 3 ) 


Colour 
(Hazen units) 


CI dosage 

of plant 

effluent 

(mg/L) 


Mean air 
Temperature 
(°C) 


3-day 2 
precipitate 

(mm) 


LW781101 


914 


8.4 


0.34 




19 


4 


1.04 


8.5 


0.0 


LW781107 


1171 


8.1 


0.30 




18 


4 


0.95 


10.3 


0.6 


LW781115 


1177 


8.0 


0.48 




19 


4 


0.97 


9.0 


16.4 


LW781121 


947 


8.S 


0.37 




20 


4 


0.94 


-8.0 


(Trace) 


LW781130 


860 


8.2 


0.38 




19 


4 


0.91 


-6.0 


(3.6) 


LW781213 


843 


7.5 


0.35 




20 


4 


0.80 


-5.4 


1.2+(4.9) 


LW790103 


1100 


8.4 


0.45 




22 


4 


0.21 


-7.6 


8.0+(1.8) 


LW790109 


623 


8.1 


0.55 




25 


4 


0.24 


-8.8 


(3.2) 


LW 790123 


678 


8.3 


0.42 




23 


4 


0.36 


-8.3 


(29.6) 


LW790131 


862 


8.2 


0.46 




21 


4 


0.32 


-8.4 


(13.1) 


LW790207 


972 


8.1 


0.45 




22 


4 


0.42 


-20.7 


(Trace) 


LW790215 


780 


7.8 


0.42 




24 


4 


0.51 


-24.2 


0.0 


LW790221 


953 


7.6 


0.42 




23 


4 


0.33 


-8.2 


0.6+(1.6) 


LW790228 


1066 


7.7 


0.44 




24 


4 


0.59 


-4.3 


(9.0) 


LW 79 030 7 


920 


7.8 


0.40 




23 


4 


0.64 


2.0 


3.0 


LW790314 


1000 


7.8 


0.42 




26 


4 


0.62 


-3.5 


3.7+(4.6) 


LW790327 


840 


7.9 


0.46 




31 


4 


0.62 


-5.2 


5.4+(0.6) 


LW790329 


912 


7.7 


0.55 




31 


4 


0.60 


-2.6 


1.2 


LW790404 


906 


8.0 


0.52 




31 


4 


0.61 


4.2 


26.8+(3.4) 



CI residual in plant effluent is 
During a 12 month period however, 
(Range .52-. 90 mg/L). 



maintained at 0.9mg/L. CI residual in water at FSPS is not routinely measured, 
measured on the basis of one sample per month, the mean value was ,715 mg/L 



Ln 



TABLE 9 



Physical Characteristics of Samples Taken Above Kettle Island 

(Site No. 3 on Figure 3) 
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Sample 
No. 


Volume 

processed 

(D 


Sample 
pH 


Turbidity 
(f.t.u.) 


Water 
temperature 

C°c) 


7 
Mean air 

temperature 


3- day 2 

precipitation 
(mm) 


AK780606 


40 


6.7 


2.0 


18.2 


11.2 


9.4 


AK780613 


40 


6.7 


2.8 


18.8 


23.3 


25.9 


AK780620 


40 


7.0 


2.6 


18.6 


18.5 


41.7 


AK780627 


40 


7.0 


2.1 


20.4 


19.4 


6.6 


AK780704 


40 


6.9 


2.0 


20.4 


17.5 


0.0 


AK780711 


40 


7.1 


1.7 


23.8 


18.1 


1.2 


AK780718 


40 


7.2 


1.9 


23.6 


20.7 


0.0 


AK780725 


40 


7.0 


2.3 


24.6 


21.0 


1.6 


AK780801 


40 


6.9 


3.0 


22.3 


16.0 


0.4 


AK780808 


40 


7.1 


2.1 


23.2 


21.6 


15.6 


AK780815 


40 


7.2 


1.6 


25.2 


25.1 


0.0 


AK780822 


40 


6.8 


2.1 


24.1 


17.2 


0.0 


AK780829 


40 


6.8 


1.8 


20.2 


16.5 


13.0 


AK78090S 


40 


7.0 


1.6 


20.8 


15.8 


6.0 


AK780912 


30 


7.0 


1.5 


18.0 


14.8 


10.5 


AK780919 


40 


7.0 


1.9 


17.2 


7.9 


1.4 


AK7809 27 


40 


7.3 


2.0 


16.2 


6.7 


3.8 


AK781003 


40 


7.S 


2.0 


14.6 


8.6 


11.6 


AK781010 


40 


7.S 


2.6 


12.0 


13.8 


(Trace) 


AK781017 


40 


7.5 


1.7 


10.6 


0.4 


(Trace) 


AK781024 


40 


7.5 


3.2 


9.6 


6.4 


2.0 


AK781031 


40 


7.2 


2.3 


8.8 


2.1 


0.0 


AK781107 


40 


7.2 


2.3 


8.6 


10.3 


0.6 


AK781115 


40 


7.3 


2.2 


7.0 


9.0 


2.6 



47. 



TABLE 10 



Physical Characteristics of Samples Taken At Upper Duck Island 
(Site No. 4 on Figure 3) 



Sample 
No. 


Volume 

processed 

CL) 


Sample 
PH 


Turbidity 
Cf.t.u.) 


Water 

temperature 
C°C) 


Mean air^ 
temperature 
(°C) 


3-day 2 
precipitati'j- 
(mm) 


UD780606 


40 


8.5 


2.3 


18.2 


11.2 


9.4 


UD780613 


40 


6.9 


2.8 


18.8 


23.3 


24.5 


UD780627 


40 


7.0 


1.8 


20.4 


19.4 


6.6 


UD780711 


40 


6.9 


1.7 


23.8 


18.1 


1.2 


UD780718 


40 


6.8 


1 • b 


23.6 


20.7 


0.0 


UD780725 


40 


6.9 


1.5 


24.6 


21.0 


1.6 


UD780808 


40 


6.8 


1.6 


23.2 


21.6 


15.6 


UD780822 


40 


6.9 


2.2 


24.1 


17.2 


0.0 


UD780829 


40 


6.9 


2.5 


20.2 


16.5 


13.0 


UD780912 


40 


6.9 


2.0 


18.0 


14.8 


10 . 5 


UD780927 


40 


7.3 


2.2 


16.2 


6.7 


3.8 


UD781010 


40 


7.5 


2.4 


12.0 


13.8 


CTrace) 


UD781024 


40 


7.5 


4.1 


9.6 


6.4 


2.0 


UD781107 


40 


7.2 


2.2 


8.6 


10.3 


0.6 


UD781121 


40 


7.4 


4.4 


4.6 


-8.0 


(Trace) 



TABLE 11 



Physical Characteristics of Samples Taken At Lower Duck Island 

(Site No. 5 on Figure 33 
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Sample 
No. 


Volume 

processed 

CL) 


Sample 
pH 


Turbidity 
(f.t.u.) 


'Yater 

temperature 

CQ 


Mean air 
temperature 
C°C) 


3-day 2 
precipitation 
(mm) 


LD780606 


40 


6.7 


3.0 




18.2 


11.2 


9.4 


LD780613 


40 


6.9 


2.9 




18.8 


23.3 


24.5 


LD780620 


40 


6.9 


2.8 




18.6 


18.5 


41.7 


LD780704 


40 


6.8 


2.7 




20.4 


17.5 


0.0 


LD78080I 


40 


7.0 


2.6 




22.3 


16.0 


0.4 


LD780815 


40 


7.2 


2.2 




25.2 


25.1 


0.0 


LD78090S 


40 


7.1 


1.6 




20.8 


15.8 


6.0 


LD 7 809 19 


40 


7.0 


2.3 




17.2 


7.9 


1.4 


LD781003 


40 


7.6 


2.3 




14.6 


8.6 


11.6 


LD781017 


40 


7.5 


2.8 




10.6 


0.4 


(Trace) 


LD781031 


40 


7.4 


2.4 




8.8 


2.1 


0.0 


LD78111S 


40 


7.4 


2.9 




7.0 


9.0 


2.6 
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TABLE 12 



Physical Characteristics of Samples Taken Below 
Green Creek Sewage Treatment Plant 
(Site No. 6 on Figure 3) 



Sample 
No. 


Volume 
Processed 
(D 


Sample 
pH 


Turbidity 
(f.t.u.) 


Water 
temperature 

TO 


Mean air 
temperature 
(°C) 


3- day 2 
precipitation 
(mm) 


GC780606 


40 


7.4 


1.6 


18.2 


11.2 


9.4 


GC780613 


40 


7.1 


2.0 


18.8 


23.3 


24.5 


GC780620 


40 


7.0 


3.4 


18.6 


18.5 


41.7 


GC780627 


40 


7.1 


1.9 


' 20.4 


19.4 


6.6 


GC780704 


40 


7.2 


2.7 


20.4 


17.5 


0.0 


GC780711 


40 


6.9 


2.0 


23.8 


18.1 


1.2 


GC780718 


40 


6.8 


1.7 


23.6 


20.7 


0.0 


GC78072S 


40 


6.9 


1.9 


24.6 


21.0 


1.6 


GC780801 


40 


7.1 


2.2 


22.3 


16.0 


0.4 


GC780808 


40 


6.8 


2.0 


23.2 


21.6 


15.6 


GC780815 


40 


7.1 


2.0 


25.2 


25.1 


0.0 


GC780822 


40 


6.8 


1.6 


24.1 


17.2 


0.0 


OC780829 


40 


6.8 


2.8 


20.2 


16.5 


13.0 


GC780905 


40 


7.0 


1.7 


20.8 


15.8 


6.0 


GC780912 


40 


7.0 


2.0 


18.0 


14.8 


10.5 


GC780919 


40 


7.0 


2.0 


17.2 


7.9 


1.4 


GC780927 


40 


7.1 


2.3 


16.2 


6.7 


3.8 


GC781003 


40 


7.8 


2.0 


14.6 


8.6 


11.6 


GC781010 


40 


7.5 


2.4 


12.0 


13.8 


(Trace) 


GC781017 


40 


7.7 


2.3 


10.6 


0.4 


(Trace) 


GC781024 


40 


7.5 


3.1 


9.6 


6.4 


2.0 


GC781031 


40 


7.4 


2.6 


8.8 


2.1 


0.0 


GC781107 


40 


7.3 


2.8 


8.6 


10.3 


0.6 


GC781115 


40 


7.4 


2.9 


7.0 


9.0 


2.6 


GC781121 


40 


7.4 


4.1 


4.6 


-8.0 


(Trace) 



so. 



TABLE 13 

Physical Characteristics of Samples Taken At Britannia Beach 
(Site No. 4 on Figure I, Appendix I) 



Sample 
No. 


Volume 
processed 


Sample 
pH 


Turbidity 

(f.t.u.) 


Water 
temperature 

C°c) 


Mean air 
temperature 
C°C) 


3-day^ 
precipitation 
(mm) 


BB780619 


40 


7.4 


not done 


18.2 


21.1 


41.7 


BB780626 


40 


7.3 


not done 


20.7 


19.6 


2.6 


BB780703 


40 


7.4 


2.8 


20.2 


17.0 


0.0 


BB780710 


40 


8.1 


1.2 


23.4 


21.0 


20.2 


BB780718 


40 


8.2 


1.8 


. 23.6 


20.7 


0.0 


BB780724 


30 


7.6 


4.1 


24.4 


20.1 


4.0 


BB780731 


40 


8.2 


1.7 


22.5 


16.1 


13.0 


BB780809 


40 


7.9 


2.7 


23.8 


22.4 


20.6 


BB780814 


40 


7.6 


1.8 


24.8 


23.1 


1.0 


BB780821 


40 


7.5 


1.7 


24.2 


17.5 


17.6 


BB780828 


40 


7.9 


1.7 


20.4 


15.5 


12.8 


BB780906 


40 


7.8 


1.2 


20.6 


16.2 


5.2 


BB780911 


40 


7.9 


2.2 


18.4 


9.4 


9.9 


BB780913 


40 


7.9 


18.0 


17.0 


8.3 


1.4 


BB780925 


W 


8.1 


24.5 


16.4 


12.5 


0.0 


BB781002 


40 


8.1 


6.6 


15.2 


14.5 


11.6 


BB781011 


40 


8.1 


5.0 


12.6 


12.8 


0.0 


BB781016 


40 


8.0 


31.8 


10.4 


0.1 


15.4 


BB781023 


40 


7.9 


7.9 


10.2 


16.8 


2.0 


BB781030 


40 


7.7 


1.9 


8.6 


1.7 


0.3 


BB781106 


40 


7.8 


1.7 


8.4 


10.0 


0.6 


BB781113 


40 


7.8 


6.0 


7.0 


-2.7 


13.8 


BB781120 


40 


7.9 


9.8 


5.0 


1.3 


0.9 



TABLE 14 

Results of Microbiological Examination of Raw Water Samples Collected at the Lemieux Island Water Purification Plant 

(Site No. Ion Figure 3) 





Bacteriologica 


1 Examination 


3 








Virological 


Examination 




Sample 
No. 


Total 
coliform 
per 100ml 


Fecal 

coliform 
per 100ml 


Fecal 
Strep. 
per 100ml 


Isolation of 
Pseudomonas 
aeruginosa 


Concentration 
factor 


Presence of 

C.P.E. in 
HEK cells 


No. of cultures 
showing C.P.E. 
number inoculated 


Preliminary 

identification 

of isolates 


4 
Infective 

units 
per 10L 


RW780607 


NS 


NS 


NS 






NS 


9,783 




+ 


4/4 




ent, reo 


2.8 


RW780613 


200 


36 









ND 


7,194 




+ 


4/10 




reo 


0.9 


RW780619 


NS 


NS 


NS 






NS 


8,432 




- 


0/10 






0.0 


RW780628 


115 


18 


5 






+ 


6,719 




+ 


2/10 




ent 


0.5 


RW78070S 


235 


66 









- 


5,528 




+ 


3/6 




reo 


1.3 


RW780710 


125 


34 









+ 


7,843 




+ 


3/3 




ent, reo 


0.9 


RW780718 


205 


38 


5 






+ 


12,531 




- 


0/10 




- 


0.0 


RW780725 


125 


54 


ND 






+ 


15,564 




♦ 


2/10 




reo 


0.3 


RW780731 


105 


38 









+ 


10,494 




+ 


4/9 




t.b.i. 


0.8 


RW780809 


440 


440 


10 






- 


11,364 




+ 


5/12 




ent 


0.7 


RW780816 


190 


92 


20 






- 


6,498 




+ 


5/10 




reo 


1.0 


RW780823 


190 


134 


10 






- 


4,545 




+ 


2/10 




reo 


0.5 


RW780829 


180 


84 









- 


6,757 




+ 


4/10 




ent, reo 


0.8 


RW780914 


900 


140 









- 


6,452 




+ 


1/10 




t.b.i. 


0.2 


RW780919 


420 


8 









- 


6,250 




* 


1/10 




reo 


0.2 


N< 


ate: Raw 


Water samples 


could 


not 


be 


collected i 


'or 4 weeks 


due 


to a broken 


pump at the Lemieux 


Island Plant 




RW781025 


150 


56 









- 


6,757 




♦ 


4/4 




reo 


2.1 


RW781101 


380 


96 


5 






+ 


6,098 




- 


0/10 




- 


0.0 



TABLE 14 (continued) 

Results of Microbiological Examination of Raw Water Samples Collected at the Lemieux Island Water Purification Plant 

(Site No, 1 on Figure 3) 





Bacteriological Examinati 


ion 


3 








Viro 


logical 


Examin 


at ion 














ISO 


lation of 
















4 




Total 




Fecal 


Fecal 


Pseudomonas 




Pres 


ence of 


No. 


of cultures 


Preliminary 


Infective 


Sample 


coliform 




coliform 


Strep. 


aeruginosa 


Concentration 


C.P 


.E. in 


showing C.F 


'.E. 


identification 


units 


No. 


per 100ml 




per 100ml 


per 100ml 




(+/-) 


factor 


HEK 


cells 


number inoculated 


of isolates 


per 10L 


RW781107 


250 




72 


10 




- 


5,618 




- 




0/10 




- 


0.0 


RW781115 


295 




80 


<5 




+ 


5,814 




+ 




3/10 




ent, reo 


0.6 


RW 781 121 


425(es 


t) 


116 


20 




+ 


5,208 




+ 




2/10 




reo 


0.4 


RW781130 


220 




64 


10 




- 


3,058 




+ 




4/10 




ent , reo 


1.7 


RW781213 


450 (es 


t) 


116 







— 


5,556 




♦ 




4/10 




reo 


0.9 


RW790103 


220 




66 


5 




- 


4,808 




+ 




5/10 




ad, ent, reo 


1.4 


RW 790 109 


180 




56 


25 




- 


5,952 




+ 




6/10 




ad, reo 


1.5 


RW 790123 


175 




72 







- 


5,435 




+ 




5/10 




ad , ent , reo 


1.3 


RW790131 


220 




62 


<5 




- 


5,128 




+ 




4/10 




ad , reo 


1.0 


RW790207 


300 




72 


<5 




- 


5,714 




- 




0/10 




- 


0.0 


RW790215 


215 




48 


10 




- 


5,618 




+ 




8/10 




ent, reo 


2.9 


RW790221 


210 




S4 


10 




- 


1,901 




♦ 




1/10 




t.b.i. 


0.6 


RW 790228 


180 




SO 


<5 




- 


6,250 




+ 




5/10 




t .b.i . 


1.1 


RW 790 308 


280 




62 


<5 




+ 


4,878 




- 




0/10 




- 


0.0 


RW790314 


210 




40 


<5 




- 


5,618 




+ 




3/10 




ent, reo 


0.6 


RW790327 


210 




60 


10 




- 


5,682 




*■ 




9/10 




ent, reo 


2.0 


RW790329 


245 




96 


10 




- 


3,713 




+ 




10/10 




ent, reo 


>6.2 


RW790404 


360 
1 




52 


15 




- 


1,579 




+ 




7/10 




ent, reo 


7.6 

































TABLE 15 

Results of Microbiological Examination of Treated Water Samples Collected at Fleet Street Pumping Station 

(Site No. 2 on Figure 3) 





Bacteriological Examina 


tion 


3 










Viro 


logical 


Examination 






Sample 

No. 


Total 
co li form 
per 100ml 


Fecal 
co li form 
per 100ml 


Fecal 
Strep . 
per 100ml 


Isolation of 
Pseudomonas 
aeruginosa 


Concentration 
factor 


Pres 
C.P 
HEK 


ence of 
. E. in 
cells 


No. of cultures 
showing C.P.E. 
number inoculated 


Preliminary 
identification 
of isolates 


4 

Infective 

units 
per 10L 


LW 7806 15 













ND 


101, 


970 




- 




0/7 






- 


0.00 


LW 7806 2 2 













ND 


109, 


163 




+ 




1/7 






? 


0.03 


LW780627 













- 


78, 


947 




- 




0/7 






- 


0.00 


LW780705 













- 


120, 


482 




- 




0/12 






- 


0.00 


LW780711 













- 


86, 


250 




+ 




2/13 






? 


0.03 


LW 780 7 19 













- 


90 


909 




- 




0/7 






- 


0.00 


LW780726 


NS 


NS 


NS 




NS 


35 


,837 




- 




0/10 






- 


0.00 


LW780801 













— 


96 


,923 




+ 




3/11 






• 


0.04 


LW780809 













- 


95 


,833 




- 




0/14 






- 


0.00 


LW780816 













- 


55 


,859 




- 




0/10 






- 


0.00 


LW780824 








o 




- 


39 


,270 




+ 




1/10 






? 


0.03 


LW780829 













- 


47 


,642 




+ 




2/12 






? 


0.04 


LW780914 








1 




- 


55 


,319 




- 




0/10 






- 


0.00 


LW780919 













- 


46 


,089 




- 




0/10 






- 


0.00 


LW780927 













- 


53 


,000 




- 




0/10 






- 


0.00 


LW781004 













- 


84 


,403 




- 




0/13 






- 


0.00 


LW781012 













- 


21 


,429 




- 




0/10 






- 


0.00 


LW781019 













- 


61 


,757 




- 




0/14 






- 


0.00 


LW781025 








p 




- 


50 


,275 




- 




0/4 






- 


0.00 



































TABLE 15 (continued) 

Results of Microbiological Examination of Treated Water Samples Collected at Fleet Street Pumping Station 

(Site No. 2 on Figure 3} 



Bacteriological Examination 



Viro logical Examination 



Sample 
No. 



Total 
coliform 
per 100ml 



Fecal 
coliform 
per 100ml 



Fecal 
Strep, 
per 100ml 



Isolation of 
Pseudomonas 

aeruginosa 



Presence of No, of cultures Preliminary Infective 
Concentration C.P.E. in showing C.P.E. identification units 
factor HEK cells number inoculated of isolates per 10L 



LW781101 

LW781107 

LW781115 

LW781121 

LW781130 

LW781213 

LW 790 10 3 

LW790109 

LW790123 

LW790131 

LW 790 20 7 

LW790275 

LW790221 

LW790228 

LW 790 30 7 

LW790314 

LW 79 032 7 

LW 79 0329 

LW 79 040 4 




+ 
+ 
t 

+ 



0/10 

0/10 

0/10 

0/10 

0/10 

1/10 

0/10 

0/10 

0/10 

0/10 

0/10 

0/10 

1/10 

0/10 

0/10 

1/10 

3/10 

1/10 

2/10 



0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.00 

0.00 

0.02 

0.08 

0.03 

0.04 






TABLE 16 

Results of Microbiological Examination of Samples Collected Above Kettle Island 

(Site No. 3 on Figure 3) 





Bacteriological Examination 


3 








Viro 


logical Examination 












I so 


lation of 














4 




Total 


Fecal 


Fecal 


Pseudomonas 




Presence of 


No. 


of cultures 


Preliminary 


Infective 


Sample 


co li form 


co 1 i form 


Strep . 


aeruginosa 


Concentration 


C. 


P.E. in 


showing C.P.E. 


identification 


units 


No. 


per 100ml 


per 100ml 


per 100ml 




(+/-) 


factor 


HEK 


cells 


number inoculated 


of isolates 


per 10L 


AK780606 


3,800 


600 


25 




_ 


4,635 




+ 




6/8 


ent, reo 


6.0 


AK 7806 13 


45,000 


1,300 


15 




- 


5,479 




+ 




2/4 


t.b.i. 


2.5 


AK780620 


23,000 


1,800 


30 




+ 


4,348 




+ 




2/7 


ad, ent 


1.6 


AK780627 


7,400 


2,600 


130 




- 


4,211 




+ 




4/10 


ad, ent, reo 


1.7 


AK780704 


570 


128 


15 




- 


3,587 




+ 




6/12 


reo 


1.9 


AK780711 


7,100 


570 


15 




+ 


4,348 




+ 




4/13 


en t , reo 


1.3 


AK780718 


5,000 


580 







+ 


4,211 




+ 




7/7 


ad, ent, reo 


>9.3 


AK780725 


12,000 


1,300 


20 




+ 


4,000 




+ 




9/13 


reo 


4.5 


AK780801 


13,000 


1,900 


10 




+ 


4,762 




+ 




4/9 


t.b.i. 


2.5 


AK780808 


46,000 


480 


10 




+ 


4,255 




+ 




11/12 


reo 


11.7 


AK780815 


88,000 


2,300 


50 




- 


2,434 




+ 




10/10 


ent 


>9.4 


AK780822 


32,000 


2,900 


15 




- 


2,649 




+ 




2/10 


ad 


0.9 


AK780829 


36,000 


3,100 


55 




- 


2,381 




+ 




4/5 


ent, reo 


16.9 


AK780905 


38,000 


2,400 


60 




- 


1,681 




+ 




10/10 


ad, ent, reo 


>13.7 


AK780912 


18,000 


2,100 







- 


1,875 




+ 




8/10 


ad, ent, reo 


8.6 


AK 780919 


48,000 


4,600 


100 




- 


2,439 




+ 




9/9 


ad, ent, reo 


>9.0 


AK780927 


18,000 


1,900 


110 




+ 


2,222 




+ 




7/10 


ent, reo 


5.4 


AK781003 


34,000 


5,000 


60 




+ 


2,857 




+ 




8/13 


reo 


3.3 


AK781010 


7,200 


2,300 


110 




- 


2,222 




+ 




10/17 


ent, reo 


4.0 


AK781017 


18,000 


3,000 


125 




+ 


3,226 




+ 




9/12 


ent , reo 


4.3 


AK781024 


5,900 


480 







+ 


2,667 




+ 




3/4 


t.b.i. 


5.2 


AK781031 


5,200 


1,900 







+ 


2,273 




+ 




5/10 


reo 


3.0 


AK781107 


4,000 


660 (es 


■ tj 20 




+ 


2,273 




+ 




2/10 


reo 


1.0 


AK781115 


4,800 


2,300 


80 




- 


2,326 




+ 




3/10 


ent, reo 


1.5 






TABLE 17 

Results of Microbiological Examination of Samples Collected at Upper Duck Island 

(Site No. 4 on Figure 3) 





Bacteriological Examinati 


.on 








Viro 


logical Examination 












Isolation of 














4 




Total 


Fecal 


Fecal 


Pseudomonas 




Pres 


ence of 


No. 


of cultures 


Preliminary 


Infective 


Sample 


co 1 i fo rm 


co li form 


Strep. 


aeruginosa 


Concentration 


C.P 


.E. in 


showing C.P.E. 


identification 


units 


No. 


per 100ml 


per 100ml 


per 100ml 


(♦/-) 


factor 


HEK 


cells 


numb 


er inoculated 


of isolates 


per 10L 


UD780606 


1,100 


160 


15 


- 


4,134 




+ 




4/13 


ad , reo 


2.4 


UD780613 


10,100 


1,120 


45 


- 


3,077 




+ 




4/8 


ent, reo 


2.2 


UD780627 


23,000 


2,400 


15 


+ 


3,863 




+ 




6/10 


ad, ent, reo 


3.0 


UD780711 


18,000 


1,500 


25 


♦ 


4,255 




+ 




9/9 


ad, ent, reo 


>10.3 


UD780718 


6,100 


1,200 





+ 


4,049 




+ 




8/10 


ent 


8.0 . 


UD78072S 


19,000 


2,000 


i) 


- 


4,444 




+ 




11/12 


ent, reo 


8.4 


UD780808 


5,700 


1,200 


35 


+ 


4,878 




+ 




9/12 


ad, ent, reo 


5.7 


UD780822 


30,000 


2,300 





- 


2,439 




+ 




8/10 


ad 


6.6 


UD780829 


40,000 


4,000 


150 


- 


2,778 




+ 




6/6 


ent , reo 


>6.4 


UD780912 


22,000 


2,300 





- 


2,579 




+ 




9/10 


ad, ent, reo 


8.3 


UD780927 


8,100 


2,300 


90 


+ 


2,500 




+ 




3/10 


t.b.i. 


1.4 


UD781010 


5,300 


1,100 


90 


+ 


2,381 




+ 




10/11 


ent, reo 


4.1 


UD 781024 


3,500 


280 





+ 


2,667 




+ 




4/4 


ent, reo 


>5.2 


UD781107 


1,500 


160 


IS 


+ 


2,381 




+ 




3/10 


ent 


1.5 


UD781121 


2,700 


420 


20 


+ 


2,247 




+ 




4/10 


t.b.i. 


2.3 



in 



TABLE 18 

Results of Microbiological Examination of Samples Collected at Lower Duck Island 

(Site No. 5 on Figure 3) 





3 
Bacteriological Examination 






Virological 


Examination 














ISO 


lation of 
















4 


Sample 

No. 


Total 
co li form 
per 100ml 


Fecal 
co li form 
per 100ml 


Fecal 
Strep . 
per 100ml 


Pseudomonas 
aeruginosa 


Concentration 
factor 


Presence of 
C.P.E. in 
HEK cells 


No. of cultures 
showing C.P.E. 
number inoculated 


Preliminary 
identification 
of isolates 


Infective 

units 
per 10L 


LD780606 


8,000 + 


800 + 


255 




- 


4,848 


+ 




10/11 




ad, 


ent, reo 


9.5 


LD780613 


10,000 


2,900 


20 




N.D. 


5,479 


+ 




4/4 




ent, reo 


3.2 


LD780620 


30,000 


2,300 


85 




t 


7,407 


+ 




4/9 




ad, 


ent, reo 


4.0 


LD780704 


18,000 


3,400 


25 




- 


3,747- 


+ 




4/8 




ad, 


ent , reo 


3.7 


LD780801 


80,000 


2,700 


35 




- 


4,598 


+ 




9/9 




ad , reo 


>9.6 


LD780815 


18,000 


4,000 


95 




- 


2,845 


+ 




10/10 




ad, 


ent, reo 


>8.1 


LD780905 


49,000 


2,300 


25 




- 


4,545 


+ 




9/10 




ad, 


ent, reo 


11.6 


LD780919 


38,000 


4,900 


70 




- 


2,439 


+ 




10/10 




ad, 


ent, reo 


>9.4 


LD781003 


68,000 


5,600 


30 




- 


2,381 


+ 




14/17 




ad, 


ent, reo 


7.3 


LD781017 


33,000 


>600 


110 




- 


2,273 


+ 




16/16 






ent, reo 


>12.1 


LD781031 


2,400 


380 







+ 


3,636 


+ 




8/10 






ent , reo 


4.4 


LD781115 


4,700 


2,000 


90 




+ 


1,980 


+ 




9/10 




ad, 


ent , reo 


11.6 



-J 



TABLE 19 

Results of Microbiological Examination of Samples Collected Below Green Creek Sewage Treatment Plant 

(Site No, 6 on Figure 3) 
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Bacteriological Examination 






Viro 


logical 


Examination 












Isolation of 














4 




Total 


Fecal 


Fecal 


Pseudomonas 




Presence of 


No. 


of cultures 


Preliminary 


Infective 


Sample 


co 1 i f o rm 


co li form 


Strep. 


aeruginosa Concentration 


C.P.E. in 


showing C.P 


.E. 


identification 


units 


No. 


per 100ml 


per 100ml 


per 100ml 


(+/-) 


factor 


HEK cells 


numb 


er inocu 


lated 


of isolates 


per 10L 


GC780606 


2,100 


340 


40 


- 


5,208 


+ 




3/7 




ent, reo 


2.2 


GC 7806 13 


50,000 


3,300 


25 


N.D. 


5,861 


+ 




4/4 




ent , reo 


2.4 


GC780620 


4,900 


370 


5 


- 


3,346 


+ 




6/13 




ent , reo 


3.7 


GC780627 


6,100 


1,000 


20 


- 


4,678 


+ 




8/10 




ent 


3.4 


GC780 704 


570 


128 


15 


- 


4,113 


+ 




8/11 




ent, reo 


4.2 


GC780711 


5,600 


700 


50 


- 


3,922 


+ 




8/8 




ad, ent, reo 


>10.6 


GC780718 


5,800 


1,S00 





+ 


6,579 


+ 




9/9 




ad, ent, reo 


>6.7 


GC780725 


13,000 


2,200 


10 


+ 


3,774 


+ 




6/13 




reo 


3.3 


GC 7 80 801 


4,300 


1,400 





+ 


5,000 


+ 




9/9 




ad, ent 


>8.8 


GC7808O8 


5,600 


1,500 


P 


+ 


4,444 


+ 




10/12 




ad, ent, reo 


8.1 


GC780815 


1,800 


380 





- 


2,448 


+ 




9/10 




ent, reo 


9.4 


GC780822 


3,100 


720 


5 


- 


2,381 


+ 




3/10 




reo 


1.5 


GC780829 


56,000 


2,000 


40 


- 


2,381 


♦ 




8/8 




ad , reo 


>12.7 


GC78091S 


13,000 


2,100 





- 


4,545 


+ 




9/10 




ad, ent, reo 


10.1 


CC780912 


55,000 


9,000 


so 


- 


2,469 


+ 




8/10 




ad, ent, reo 


6.5 


GC780919 


15,000 


700 





- 


2,439 


+ 




6/10 




ad, rent, reo 


3.8 


GC780927 


9,000 


2,200 


5 


+ 


2,469 


+ 




10/10 




ad, ent, reo 


>9.3 


GC781003 


7,000 


1,900 


5 


- 


2,326 


+ 




11/17 




ent, reo 


4.5 


GC781010 


7,300 


2,100 


150 


- 


2,273 


+ 




8/13 




ent, reo 


4.2 


GC781017 


12,000 


1,000 


45 


+ 


2,649 


+ 




14/14 




ent, reo 


>10.0 


GC781024 


940(est) 270 


30 


+ 


2,667 


+ 




4/4 




t .b.i . 


>5.2 


0C 781031 


2,200 


330 





- 


2,381 


+ 




5/10 




ad, ent 


2.0 


GC781107 


2 , 300 


180 


20 


+ 


2,273 


+ 




3/10 




ent 


2.4 


GC781115 


690 


124 


10 


+ 


2,469 


* 




5/10 




ent, reo 


2.8 


GC781121 


1,700 


540 


65 


+ 


1,887 


+ 




4/10 




t .b.i. 


2.7 



00 



TABLE 20 

Results of Microbiological Examination of Samples Collected at Britannia Beach 

(Site No . 4 on Figure 1) In Appendix 





Bacteriological Examination 


3 








Viro 


logical 


Examination 










Iso 


lation of 














4 




Total 


Fecal 


Fecal 


Pseudomonas 




Presence of 


No. 


of cultures 


Preliminary Infective 


Sample 


co 1 i f o rm 


coliform 


Strep. 


aeruginosa 


Concentration 


C.P 


.E. in 


showing C.P 


.E. 


identification units 


No. 


per 100ml 


per 100ml 


per 100ml 




(+/-) 


factor 


HEK 


cells 


numb 


er inocu 


lated 


of isolates per 10L 


BB780619 


NS 


NS 


NS 




NS 


7,968 




+ 




1/7 




ad 0.4 


BB780626 


60 


12 


10 




+ 


6,478 




+ 




1/10 




reo . 4 


BB780703 


80 


so 







- 


4,154 




+ 




8/11 




ent, reo 4.6 


BB780710 


1,500 


128 


15 




+ 


3,704 




*■ 




8/13 




ad, ent, Teo 3.4 


BB780718 


20 


2 







+ 


5,263 




+ 




1/10 




reo . 3 


BB780724 


410 


so 


25 




- 


2,907 




+ 




6/13 




ent 3.2 


BB780731 


so 


2 







+ 


3,478 




+ 




5/7 




reo 7 . 2 


BB 780 809 


46,000 

100 


450 
58 


5 




_ 


7,273 
2,857 






Concentrate Contaminated with Bacteria 


BB780814 




+ 




10/10 




ent >8.0 


BB780821 


45 


12 







+ 


2,469 




+ 




1/5 




ent 0.9 


BB780828 


30 


14 


10 




- 


2,000 




+ 




1/10 




reo 0.6 


BB780906 


195 


8 







- 


6,154 




+ 




4/10 




reo 2 . 1 


BB780911 


100 


4 


(1 




- 


2,703 




+ 




9/10 




reo 8 . 5 


BB780918 


430 


250 







- 


2,614 




- 




0/10 




0.0 


BB780925 


360 


220 


60 




+ 


2,667 




- 




0/10 




0.0 


BB781002 


370 


118 


20 




+ 


4,000 




+ 




6/14 




t.b.i. 2.2 


BB781011 


>80 


>60 


48 




+ 


2,703 




+ 




10/14 




en t , reo 4 . 6 


BB781016 


3,300 


480 


115 




+ 


2,899 




+ 




10/12 




ent, reo 6.2 


BB781023 


3,300 


370 


100 




- 


2,500 




+ 




1/4 




t.b.i. 1.2 


BB781030 


500 


28 







+ 


2,985 




- 




0/10 




0.0 


BB781106 


70 


22 


100 




- 


2,703 




+ 




3/10 




reo 1 . 3 


BB781113 


165 


14 


15 




+ 


2,410 




- 




0/10 




0.0 


BB781120 


470 


54 


50 




+ 


1,274 




- 




0/10 




0.0 



«3 
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TABLE 21 
Summary of Results on the Virological Examination of Field Samples of River Water 



Range of 

Mean % samples % inoculated Virus infective 

m No. of concentration showing cultures units / 10 L in 

Sample type samples factor CPE showing CPE positive samples 

Britannia Beach (BB) 23 3,659 74 39 0.3->8.0 

Above Kettle Island (AK) 24 3,431 100 62 0.9-M3.7 

Upper Duck Island CUD) 15 3,245 100 68 1.5->10.3 

Lower Duck Island (LD) 12 3,848 100 86 3.2->12.1 

Green Creek (GC) 25 3,400 100 71 1.5->12.7 



* 40 L volumes of each sample type collected and processed. 

** Values for infective units / 10 L are based on MPN estimates calculated from the number 
of negative cultures in a single dilution series assuming a poisson distribution of 
virus particles (Sobsey, 1976b). 
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viral pollution was detected more frequently in the BB samples collected 
in Phase II, the levels of infective units/10 L detected in the virus 
positive samples fell within a similar range. 

All concentrates of the remaining four types of river water samples 
were found to be virus positive. As can be seen from Tables 16-19, a 
large proportion of the concentrates from these samples were shown to 
contain a mixture of 2-3 morphologically distinct virus types. Such virus 
mixtures were also frequently seen within individual culture bottles inocu- 
lated with concentrates from these samples (Figure 5) . The presence of 
large numbers, as well as a wide variety, of enteric viruses detected in 
these samples is indicative of high levels of sewage pollution in this part 
of the river. An analysis of the ratios of fecal coli forms /fecal strepto- 
cocci obtained from these samples strongly suggest this sewage pollution 
to be of human origin (Cieldreich and Kenner, 1969). 

With the exception of samples BB 780918 and BB 780925, the presence 
of more than 100 fecal coliforms/100 ml. of river water was found to 
coincide with the presence of detectable virus levels. However, in 
several samples (e.g. BB 780718 and BB 780911) , the presence of very 
low levels of fecal coliforms did not mean their freedom from detectable 
virus. These observations are in agreement with the data generated in 
Phase I and reemphasise the inadequacy of using only fecal coliforms as 
indicators of sewage pollution. 

The results for the virological examination of raw and 
treated water from the LIPP are given in Table 22. Eighty-three % 
of the samples of raw water from the intake of LIPP were shown to 
contain detectable virus levels. This is in contrast to 42% 
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TABLE 22 

Summary of Results on the Virological Examination 
of Raw and Treated Hater from LIPP 



Range of 
Mean \ samples % inoculated Virus infective 
No. of concentration showing cultures units/ 10L in 
Sample type samples factor CPE showing CPE positive samples 

Raw water (RW) f 35 6287 83 37 0.2->6.2 

Treated water (LW^ # 38 61289 29* 5 0.02-0.08 



i Approximately 100L samples of raw water were collected and processed. 

*# Approximately 1000L samples of treated water were collected and 
processed 

* The electron microscopic examination of material from some of the 
cultures showing CPE revealed the presence of virus-like particles 
(24-31 nm) . 

** Values for infective units/lOL are based on MPN estimates calculated 
from the number of negative cultures in a single dilution series 
assuming a Poisson distribution of virus particles (Sobsey, 1976b) . 
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virus positive samples obtained at BWPP during Phase I. A similar 
increase in the percentage of CPE-positive samples was not observed 
for the treated water from LIPP (29%) when compared with that of 
the BWPP (32%). 

The higher frequency of virus -positive samples at the LIPP 
intake as compared to that of the BWPP could be due to additional 
sources, of sewage pollution on the Ottawa River between the two 
intake points. Moreover, the existence of at least two sets of 
rapids in this stretch of the river must contribute to a more 
uniform distribution of the discharged wastes, although some virus 
inactivation may occur through turbulent aeration of the water as 
it passes over the rapids. However, before any direct comparison 
of the quality of the raw water at the two plants is carried any 
further, the following points must be taken into consideration: 

a) In Phase I of the study 50L sample volumes of raw 
water from BWPP were collected and processed, where- 
as the sample volumes were increased to 100L when 
raw water from the LIPP was tested. The increase 

in the sample volume was made mainly to bring it in 
line with the volumes recommended in the suggested 
viral standards for raw water (Sattar, 19 78a) . 

b) It has been shown (Sattar, 1978a) that the virus 
recovering efficiency of the talc-Celite technique 
is inversely related to sample size. Therefore, 
the doubling of the volume of the raw water 
samples may have resulted in the detection of a 
smaller fraction of the viruses present. 
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As can be seen from Table 22, cytopathic effects could be 
detected in cell cultures inoculated with concentrates from 29% 
of the treated water samples from the LI PP. The cell degeneration 
seen in CPE positive cultures did not appear to belong to one 
specific type, and was different in appearence from the type 
observed for treated water in Phase I. Materials from some of the CPE 
positive cultures examined under the electron microscope thus far 
have revealed the presence of virus-like particles with diameters 
of 24, 27 or 31 nm. 
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SECTION IV 



DISCUSSION 
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The data on the viral pollution of the Ottawa River presented 
here confirm and extend the observations made in Phase I (Sattar, 1978a) . 
These findings collectively demonstrate the extent of virus loading, 
in certain key areas along the river, due to the disposal of wastes. 
The level of viral pollution of the river before it reaches the 
greater Ottawa-Hull area is still unknown. A recent survey on the 
bacteriological quality of water in the Ottawa River (Environment 
Canada, 1976) indicates very low levels (3-4 fecal coliforms/lOOml.) 
of fecal pollution in areas within 3 km upstream from Aylmer, Quebec. 
Can this be taken to represent low levels or complete absence of 
viruses as well in such samples? The findings of the last two 
years of our study strongly suggest the lack of any clear-cut 
correspondance between low levels of bacterial indicators and 
the presence or absence of enteric viruses in water samples from 
the Ottawa River. This is further supported by the work of Berg 
et al (1978). A properly conducted virological survey would, there- 
fore, be necessary to determine the 'background' levels of viral 
pollution in the river water before it reaches the greater Ottawa-Hull area. 

Smaller communities such as Rockland (Ontario) and Thurso 
(Quebec) are situated on the Ottawa River within 25 km downstream 
of the urban centre of greater Ottawa-Hull. They also rely on 
this river for their potable water supply. What impact does the 
virus loading of the river from Ottawa-Hull have on the quality 
of potable and recreational water for such smaller communities 
downstream? Preliminary studies carried out by the Regional 
Municipality of Ottawa-Carleton have shown that experimental 
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stoppage of chlorination of effluent from the GCPCC results in an 
increase in the fecal coliform counts for the raw water from the 
Ottawa River drawn in by Rockland. 

The C.I. P. Water Treatment Plant, situated on the Quebec side 
of the river, immediately north of Kettle Island, supplies treated 
water from the Ottawa River to at least 27,000 persons in the 
communities in the eastern portion of the Outaouais Regional 
Community (ORC) . The presence of relatively high levels of viral 
pollution in this area of the Ottawa River may be affecting the 
quality of potable water from this plant. 

A sewage plant, with secondary treatment, phosphate removal 
and chlorination, is to be built in Templeton, Quebec. This plant, 
with a design capacity of 30 million U.S. gallons/day is expected 
to cater to the needs of the entire ORC. It is anticipated that 
with this facility in operation, entry of raw sewage into the 
Ottawa River from points such as the Aylmer Marina, Brewery Creek 
and the Gatineau River will be eliminated. But, to what extent 
will it reduce the possible health hazards of sewage pollution 
for the communities downstream? In Phase I of this study, effluents 
from the Watts' Creek Sewage Treatment Plant, which has a system 
similar to the one to be built in Templeton, were frequently 
found to contain readily detectable quantities of a variety of 
enteric viruses. 

Chlorination of sewage effluents has been shown to form 
chemicals toxic to certain forms of aquatic life (Ingols, 1975) . 
These chemicals may also be potentially harmful to humans 
(Symons and Henderson, 1977) . This should be another factor to 
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bear in mind, because the eventual discharge of chlorinated 
effluents from the anticipated facility at Tempi eton will further 
increase the levels of such toxic chemicals in the river down- 
stream of Ottawa-Hull. 

Increased use of chlorination in the disinfection of sewage 
and potable water supplies is resulting in the selective survival 
of chlorine resistant virus strains. This is documented by the 
isolation of such strains from the finished potable water supply 
of an urban centre in the U.S. (Bates et al , 1977). In the future, 
will this make it necessary either to use much higher dosages of 
chlorine or to search for another type of disinfectant? 

i) Virus Mixtures 

Electron microscopic examination of material from individual 
cultures inoculated with sample concentrates frequently revealed 
the presence of mixtures of two or more types of morphologically 
distinct viruses (Figure 5) . This represents one of the more 
striking observations made in this study. On this basis, it is also 
likely that virus particles representing one morphological group 
may be comprised of more than one serotype. 

The presence of such virus mixtures could create many 
difficulties in the study of viral pollution of the water environ- 
ment. For example, reliable serological identification of the 
isolates becomes extremely difficult when dealing with mixed 
virus populations. Prior separation of the various virus types 
in a mixture becomes necessary; at the present time this task 
is extremely cumbersome, time consuming and expensive. Develop- 
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FIGURE 5 

Electron micrograph showing the presence of 
at least two morphologically distinct virus 

types in cell culture material inoculated 
with the concentrate from sample # LD780606 



a) reovirus particles 



b) adenovirus particles 
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ment of a simpler means of achieving a separation of virus mixtures 
would, therefore, represent a very major advance in this field. In 
addition to this, presence of virus mixtures seriously undermines 
our ability to properly estimate the number of virus infective 
units contained in a given sample. 

ii) Efficiency of Water Treatment 

If the agents seen in samples of treated water from LIPP 
prove to be viruses, the mean value for treated water would be 
0.01 IU/10L. From the virus levels detected in the raw water samples, 
this represents at least a 95% reduction in the level of IU 
as a result of water treatment at the LIPP. 

The annual summary of physical, chemical and bacteriological 
analyses on raw and treated waters from BWPP and LIPP are presen- 
ted in Appendix II. As can be seen from these data, the mean 
standard plate count of 610/100ml in raw water was reduced to 
1/100 ml in treated water. This represents a 99.8% drop in the 
number of bacterial colony forming units as a result of treatment 
and disinfection of water. After allowing for the relative resis- 
tance of viruses to chlorine, the reduction in the number of IU 
compares favourably with the reduction in bacterial plate count. 

iii) Water Quality and Suggested Standards 

It is considered valuable to discuss the data reported here 
in relation to the virus standards for potable, raw and recreational 
waters suggested in the final report for Phase I (Sattar, 1978a) . 

For potable waters the suggested standard was "not more 
than one detectable infective unit of human pathogenic viruses 
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in 100L ". On the basis of the data summarised in Table 22, 

100L of finished water from the LIPP would be expected to contain 
no more than 0.8 IU. Therefore, based on the mean value for the 
entire sampling period, the quality of treated water from the LIPP 
is presently acceptable according to the suggested standards. 
However, any further deterioration in the quality of the raw water 
could easily change the picture. 

For raw water the suggested standard was "not more than one 
detectable infective unit of human pathogenic viruses in 10L....". 
On this basis, 34% of the raw water samples tested in this study 
fall below the suggested standard. 

It is interesting to note that the highest levels of IU/10L 
of raw water (RW) and treated water (LW) recorded in this study 
coincided with the period of high turbidity during the spring 
run-off (Tables 7, 14 and 15). 

The standard suggested for recreational waters was the same 
as stated above for raw waters. Nearly 52% of the samples collected 
this year at Britannia Beach would be considered below the suggested 
standard. If only the samples collected during the swimming 



season (middle of June to end of August) are considered, then the 
percentage of samples considered unacceptable becomes 45%. 

The presence of higher levels of a variety of enteric viruses 
detected in virtually all the samples collected downstream of the 
Gatineau River indicates the unsuitability of this section of the 
Ottawa River for swimming. 

In an earlier investigation (Sattar and Westwood, 1978) we 
had examined the virus content of the chlorinated primary effluents 
from the GCPCC in Ottawa. It was then calculated that such dis- 
charges were resulting in a virus loading of 1.2 IU/10L of the river 
water. Since then a phosphate removal step has been added to the 
sewage treatment system at the GCPCC. In this phase an attempt was 
made to study the possible beneficial effect of this step on the 
virological quality of the river water downstream of the effluent 
discharge from GCPCC. This was however, found to be difficult, 
because of the high levels of viral pollution already present in 
the sampl-s of river water (UD) collected immediately upstream of 
the effluent discharge point (Table 21). 

On the basis of the percentage of inoculated cultures showing 
CPE (Table 21), the virus content at the site was noticeably higher 
than the levels found above Kettle Island (AK) or below the GCPCC 
effluent discharge (GC) point. This would indicate the presence of 
additional sewage disposal point(s) on the north shore of the river 



between the western tip of Kettle Island and the eastern tip of 
Upper Duck Island. 

iv) HEK Cells 

In Phase I, two different types of cells were used in the 
detection of enteric viruses in the sample concentrates. An 
analysis of the results showed that the inclusion of BS-C-1 cells 
did not offer any major advantages over the use of HEK cells 
alone. On this basis it was decided to employ only HEK cells in 
the second phase of the investigation. Although no single cell 
type is capable of detecting the variety of viruses expected in 
sewage polluted waters, the use of these cells in such studies 
has been recommended (STANDARD METHODS, 1976). 

Despite the fact that they are considered to have the 
widest spectrum of susceptibility to enteric viruses, there are 
still some drawbacks to their regular use. Because of the 
restrictions on the use of human embryonic tissues in scientific 
experimentation, the supply of these cells is limited. Moreover, 
batch to batch variation in virus susceptibility and appearance 
of CPE are known to occur in HEK cells. This may be the reason 
for the absence during this phase of the type of cell degeneration 
seen with the treated water sample concentrates from BWPP . 

v) Concluding Remarks 

Isolation of enteroviruses from potable water samples of a 
Canadian urban centre has already been reported (Sekla et al , 1978) 
Many other communities in Canada rely on sewage polluted waters 
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for their drinking water supply. It is therefore likely, that 
a careful examination of potable waters from these areas could 
reveal the presence of enteric viruses. 

As has been pointed out in the final report for Phase I 
(Sattar, 1978a), at the present time it is extremely difficult, 
if not impossible, to determine the level of risk associated 
with the consumption of virus -contaminated waters. One of the 
most important prerequisites for the determination of the levels 
of risks in this regard is the knowledge of the numbers and types 
of viruses present in our water sources and supplies. Studies 
such as the one described here have developed and tested the 
technology necessary to undertake large-scale surveys on 
virological quality of water. Data generated through such 
surveys would also be valuable in any future considerations 
relating to viral standards for potable, raw and recreational 
waters. 

Recently published reports further substantiate the potential 
of potable waters in the transmission of infectious agents (Craun, 
1979; Morens et al , 19 79) . At the same time they clearly show how 
hitherto unknown or unsuspected types of microorganisms could be 
involved in causing outbreaks of waterborne infections. Apart 
from the role of Giardia lamblia and enterotoxigenic Escherichia 
coli (Craun, 1979), increasing numbers of such outbreaks are 
now being shown to be due to newly discovered viral agents such 
as rotaviruses (Lycke et al, 1978; Morens et al, 1979) and the 
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Norwalk agent (Morens et at , 1979) . 

The final report for Phase I describes in detail the basic 
characteristics of viruses and their role in disease production 
in man. It also includes details of methodology and summarises 
the available information on transmission of viruses by the water 
route. Therefore, it is suggested that the reader consider the 
material contained in both the reports for a better appreciation 
of the potential impact of viral pollution of our water environment 
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SECTION V 



RECOMMENDATIONS 
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Ten recommendations were made in the final report for Phase I 
(Sattar, 1978a), and are contained in Appendix I. The present 
study was aimed at fulfilling recommendation nos. 8 and 9. The 
remaining eight recommendations are to be considered equally 
relevant to the current phase of the investigation. Therefore, 
the following additional recommendations should be looked at 
in conjunction with the ones made earlier. 

(1) A survey should be conducted to determine the virological 
quality of Ottawa River water upstream of the greater 
Ottawa-Hull area. {This would enable us to determine the 
'background' levels of viral pollution and help in the 
better assessment of the impact of this urban centre, and 
specific pollution sources within it, on water quality 
downstream.) 

(2) When data on the virological quality of water from beaches 
are available they should be considered in conjunction 
with bacterial indicator counts in any decision regarding 
the opening or closure of such recreational areas. 

(3) A more detailed investigation should be undertaken to 
assess the reduction in virus loading of the Ottawa River 
as a result of the introduction of the phosphate 
removal step at the GCPCC. 

(4) The virological quality of raw water (Ottawa River) for 
the downstream communities, such as Rockland and Thurso, 
should be tested before and after the sewage treatment 
facility at Templeton is fully operational. 
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(5) Techniques should be developed to facilitate the separation 
and identification of viruses contained as mixtures in 
sample concentrates. 

(6) A more detailed investigation should be undertaken to 
characterise the agents responsible for the degenerative 
effects seen in cultures inoculated with concentrates of 
potable water samples. 

(7) Better techniques of urban waste treatment and disposal 
should be developed in an effort to minimise the dangers 
associated with pollution of the water environment. 

(8) To be able to assess the levels of risk to human health 
associated with the consumption of virus- contaminated waters, 
minimal infective doses of waterborne viruses should be 
determined through the establishment of appropriate 

animal models. 
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PREFACE 



The final project report, based on a one-year study by Dr. Syed A. Sattar 
(University of Ottawa) was submitted to the Steering Committee on May 30, 1978. 
The report comprises of 125 pages with nine illustrations (seven of which are 
full-page photographs) and 69 references. After a careful review, the committee 
approved the report at its meeting of June 14, 1978. The Ontario Ministry of 
the Environment, which was the source of funds for this study (Contract No. 
77-004-11), has agreed to arrange for limited additional copies of the complete 
report. Most of these copies are to be mailed to other researchers in the 
field and appropriate government agencies. Other interested persons will have 
access to the report through copies being deposited at the Vanier Library of 
the University of Ottawa and public libraries in the city. 

Because of the topical nature of the project and local significance of its 
findings, the committee also decided to make available for wider circulation 
the following synopsis of the .Teport . Additional copies of the synopsis can be 
obtained from the Regional Health Unit (1827 Woodward Drive, Ottawa, 

Ontario, K2C 0R5; phone 225-2223). 

Members of the Steering Committee 

- Mr. F.E. AYERS, Works Commissioner, Regional Municipality of Ottawa-Carleton, 

Ottawa, Ontario. 
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- Mrs. M.E. KENNEDY, Assistant Director, Public Health Laboratory, Ontario 

Ministry of Health, Ottawa, Ontario. 

- Dr. S.A. SATTAR, Associate Professor, Department of Microbiology and Immunology, 

School of Medicine, University of Ottawa, Ottawa, Ontario. 

- Mr. L.T. VLASSOFF, (Scientific Authority and Liaison Officer for the project), 

Manager, Microbiology Section, Ontario Ministry of the Environment, Toronto, 
Ontario. 



INTRODUCTION AND BACKGROUND 



(i) Viruses 

Viruses, which represent a class of microorganisms, are estimated to be 
responsible for more than 60% of the cases of infectious disease in man. The 
more than 300 different types of viruses known to infect man collectively 
produce over 50 different disease syndromes . Diseases caused by them may 
range from the very mild (e.g. common cold) to relatively serious (e.g. para- 
lytic poliomyelitis). Several viruses may cause clinically similar diseases 
and one type of virus may produce a variety of clinical conditions. No 
effective drugs have as yet been developed for the treatment of virus diseases. 
Effective and safe vaccines are, however, available for the control of a very 
limited number of diseases caused by them. 

In most cases the body of the infected individual is able to arrest the 
process of infection while it is still in the early or "subclinical" stages. 
But if the process of infection goes unchecked, the damage to the host could 
result in clinical signs and symptoms. Depending on the type and severity of 
the disease, the outcome could be either complete recovery, transient or 
permanent damage or even death of the host. 

The presence of a given Virus, existence of sufficient numbers of suscep- 
tible persons and an effective mechanism of virus spread are the three factors 
necessary for outbreaks of viral diseases in a given community. 

Viruses differ in their affinity for various types of tissues and organs 
in the human body. Those that are capable of growing in the inside cell lining 
of the gut are referred to as "enteric" viruses. Enteric viruses, however, can 
also grow in and affect other parts of the body. Nearly one hundred different 
types of enteric viruses are known to be present in sewage-polluted waters. 

Li) Viruses and Water Pollution 

It is impossible for viruses to multiply in the absence of susceptible 
living hosts. In view of this, viruses cannot cause any direct damage to the 
water environment. Their presence and survival in polluted waters, are, there- 
fore, significant only from the point of view of human or animal health. 

In their persistence in the water environment, viruses are much less hardy 
than certain pesticides, heavy metals and radioactive wastes. Unlike these 
pollutants, however, a single dose containing an extremely minute amount of 
virus may be sufficient to cause damage in a susceptible host. Depending on a 
number of factors, enteric virus survival in polluted waters ranges from two 
days to six months or more . 

The main sources of viral pollution of the water environment are (a) liquid 
and solid municipal wastes (b) farm wastes (c) abbatoir and dairy wastes and 
(d) land runoffs. 
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Conventional methods of sewage as well as water treatment are relatively 
inefficient in the elimination of most of the enteric viruses. Because a 
number of communities depend on sewage-polluted sources for their recreational 
and potable water needs, fears have been expressed concerning the impact of 
this type of pollution on the health of such communities. In recent years 
this issue has received considerable coverage both in the scientific as well 
as the popular press. 

Viruses of human origin have also been isolated from potable waters of a 
number of communities in the United States, France etc. At the same time, 
available data strongly suggest an increase in the number of outbreaks of 
waterborne infections in certain advanced and industrialized communities. 

(iii) Viral Pollution of the Ottawa River 

The Ottawa River, through its 790 mile (1264 kilometre) length, serves as 
a source of potable water for nearly 700,000 people. Several beaches, which 
could be used for bathing, are also located along the river. The Ottawa at the 
same time functions as a receptacle for millions of gallons of liquid wastes, a 
significant proportion of which receives no treatment prior to disposal. For 
the past few seasons high counts of indicator bacteria have resulted in the 
closure of the beaches along the river. A variety of human pathogenic viruses 
were also detected in the effluents being discharged into the river from the 
Green Creek Pollution Control Centre, situated downstream of the city of Ottawa. 
Discharges of treated and untreated municipal wastes are also known to exist 
upstream of certain beaches and points of raw water intake for the water puri- 
fication plants in the Ottawa area. The Watt's Creek Sewage Treatment Plant 
represents one source of treated wastes being discharged into the river upstream 
of the city of Ottawa. What is the contribution of this plant to the viral 
pollution of the Ottawa River? What impact, if any, could the discharges of 
treated effluents from this plant have on the quality of recreational and potable 
waters in the Ottawa area? The present one -year study was commissioned to 
attempt to find answers to these questions. 

(iv) Main Objectives of the Study 

The following were the main objectives of this study: 

(1) To conduct a detailed literature survey and write a review on what is 
known about the viral pollution of the water environment and its impact 
on human health (the University of Ottawa Press has accepted it for 
publication and it is due to come out in September 1978, as a booklet 
entitled "Viruses, Water and Health"). 

(2) To develop and test techniques for the recovery of human pathogenic 
viruses from the water environment. 

(3) To assess the contribution of the Watt's Creek Sewage Treatment Plant 
(WCSTP) to the viral pollution of the Ottawa River and to assess the 
impact of viral pollution from the WCSTP on the qunlity of recreational 
and potable waters in the Ottawa area. 



The area chosen for this study is shown in Fig. 1. Seven types of field 
samples were examined for the presence of human pathogenic viruses. Six of 
these indicated below as samples 1-6, were collected on a weekly basis and the 
sites of collection are shown on Fig. I. Sampling began in the second week 
of July 1977 and continued until the third week in December 1977. However, 
sampling sites 3 and 4 became inaccessible in November due to winter condi- 
tions. The tap-water samples (*7) were collected over a shorter peirod 
(April 1978) and represent an analysis of the consumer end of the water 
distribution system. A total of 142 field samples were examined in this 
study. 

(1) Raw sewage (RS) from the Watt's Creek Plant 

(2) Chlorinated effluent (EC) from the Watt's Creek Plant 

(3) Ottawa River water at Shirley's Bay (SW) 

(4) Ottawa River water at Britannia Beach (BB) 

(5) Raw water (RW) from the Ottawa River taken in for treatment 

at the Britannia Water Purification Plant. 

(6) Purified water (PW) from the Britannia Water Purification 

Plant before it is pumped into the distribution system. 

(7) Tap water (TW) in our laboratory (University of Ottawa) 

representing water at the end of the distribution system. 



RESULTS AND DISCUSSION 

(i) Sample Testing 

Data on the physical and chemical characteristics of the samples were 
obtained from the Regional Municipality of Ottawa-Carleton . Bacteriological 
analyses on the field samples was carried out by the Ottawa Branch of the 
Provincial Public Health Laboratories. Processing of the samples for viruses 
was conducted at the School of Medicine, University of Ottawa. Although the 
following discussion is based on a careful examination of the total data 
generated, for the sake of simplicity and clarity, only the summary of results 
of the virological examination of the field samples is presented here (Table 1) . 

(ii) Virus Isolation 

A total of 269 virus isolates were obtained from the concentrates of field 
samples examined. Forty-six percent of these were examined under the electron 
microscope and were found to represent three major groups (entero-, reo- and 
adeno-) of enteric viruses. 

iii) Analyses of Potable Water Concentrates 

Very careful and repeated testing of the concentrates from certain samples 
of purified water from the Britannia Plant and tap water at the University of 
Ottawa revealed the presence of virus-like degeneration in cell cultures. Tests 
conducted up to this stage have neither confirmed nor ruled out the possibility 
of this degeneration being due to a true viral agent. The significance of this 
finding is unknown at present. Additional tests are planned to investigate the 
matter further. 



FIGURE 1 




TABLE 1 



Summary of Results on the Virological Examination of Field Samples 



SAMPLE TYPE 


TOTAL 
NO. OF 
SAMPLES 


MEAN 
SAMPLE 
VOLUMES 
PROCESSED 
(LITRES) 


MEAN 
CONCENTRATION 
FACTOR 


% SAMPLES 
POSITIVE 
FOR VIRUS 


RANGE OF 
INFECTIVE 
UNITS* PER 
10 LITRES 
IN POSITIVE 
SAMPLES** 


Raw Sewage 


23 


6 


35 3 


100 


10.0 - 


>366 


Chlorinated 
Effluent 


24 


6 


555 


54.2 


3.6 - 


>87.! 


Shirley's 
Bay 


16 


40 


2,733 


43.8 


1.0 - 


>3.5 


Britannia 
Beach 


20 


40 


2,553 


55.0 


0.6 - 


>16.; 


Raw Water 


24 


50 


3,013 


42.0 


0.7 - 


>8.9 


Purified 
Water 


25 


800 


47,014 


32.0*** 


0.1 - 


>0.4 


Tap Water 


10 


1,000 


108,000 


10.0*** 


0. 


05 



** 



In this case an "infective unit" is the smallest amount of virus required 
to produce infection in a cell culture. 

Values for infective units per 10 litres are based on MPN estimates calcu- 
lated from the number of negative cultures in a single dilution series 
assuming a Poisson distribution of virus particles. 

*** The virus -like degeneration seen in these samples is still being characte- 
rized. 
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(iv) Relationship Between Indicator Bacteria and Viruse s 

Comparison of results of bacteriological and virological examination for 
the samples of chlorinated sewage effluent from the Watt's Creek Plant demon- 
strates that absence of indicator bacteria does not necessarily mean the 
absence of enteric viruses in a given sample. This is an indication of the 
higher chlorine resistance of enteric viruses or their close association with 
particulate matter which may make them inaccessible to the action of chlorine. 
A lack of relationship between indicator bacteria and absence or presence of 
viruses was also evident in the river water samples. This may indicate that 
in the polluted water environment viruses survive better than bacteria. These 
factors should be taken into consideration in any decision on the opening or 
closure of beaches when sources of sewage pollution are known to exist upstream 
of recreational areas. 

(v) Effect of Seasonal Variation 

Examination of virus data from Ottawa River samples shows an apparent 
clustering of positive samples in the fall. This could be due to (a) lower 
flow rates of the river in this season leading to a reduced dilution of the 
wastes discharged, (b) lower atmospheric temperatures which would be more 
conducive to increased virus survival (c) increased rainfall resulting in 
larger quantities of storm waters and land run-off entering the river. 

(vi) Possible Sources of Viral Pollution 

The data generated by this limited field study show the presence of human 
pathogenic viruses in readily detectable concentrations in samples of recrea- 
tional and raw waters. This is indicative of fecal pollution being introduced 
upstream of these sampling points. 

The Watt's Creek Plant treats approximately 5 million imperial gallons 
(22. S million litres) of sewage per day. This makes it a relatively small 
sewage treatment facility. At this plant sewage is subjected to secondary 
treatment (activated sludge) as well as phosphate removal prior to disinfection 
with chlorine. In spite of this high level of treatment, over S4% of the 
chlorinated effluent samples were found to be positive for virus. 

It should, however, be noted here that treated effluent from this plant is 
discharged, not directly into the Ottawa River, but into a "polishing lagoon". 
This can be seen from Figure 1. The dilution of the effluent and its retention 
in the lagoon may further diminish the amounts of virus by the time it reaches 
the main river stream. 

In view of this, the Watt's Creek Plant does not appear to a serious 
polluter of the river with viruses. If it is assumed that the viruses 
detected in water samples collected at Shirley's Bay represent mainly those 
from the Watt's Creek Plant, a marked reduction in their concentration, due 
to further dilution and natural inactivation, would be expected by the time 
they reach the Britannia Beach area (approximately seven miles downstream). 
This however, is not indicated due to higher frequency and levels of viruses 
detected in Britannia Beach and raw water samples. It, therefore, points to 



the presence of additional sources of viral pollution affecting the quality 
of water at Britannia Beach and raw water for the Britannia Water Purification 
Plant. 

Raw sewage from Aylmer Marina ( Quebec) appears to be one of the more 
obvious sources of such pollution. Aerial photographs of the area clearly 
show the presence and direction of a plume generated by the discharges from 
this source. Conclusive evidence that raw sewage is being discharged here 
has been provided by the bacteriological tests carried out on the water samples 
from this area by the Regional Municipality of Ottawa-Carleton. 

The point of raw water intake for the Britannia Plant is situated 
immediately downstream of Deschenes Rapids. Therefore, the water taken in 
for treatment there contains a thorough mixture of pollutants discharged 
into the river above this point. 

The Lemieux Island Kater Purification Plant is situated on the Ottawa 
River, approximately 5 miles downstream of the Britannia Plant. The Lemieux 
Island Plant, with a rated capacity of 42 million imperial gallons per day, 
supplies 50% of the potable water to the Ottawa area. The type of water 
treatment at both of these plants is essentially the same but because the 
Lemieux Island Plant is a much older facility it may not be as efficient in 
its functioning as the Britannia Plant. 

On the 5 mile stretch of river between Britannia and Lemieux Island Plants 
there are additional point sources of municipal waste discharges. The location 
of Lemieux Island Plant therefore makes it more vulnerable to the impact of 
viral pollution in the Ottawa River. 

It should also be noted here that several communities in the Outaouais 
Regional Community (Quebec) draw their potable water supply from points in 
the Ottaiva River directly downstream of sewage' outfalls. Therefore, such 
communities may be at greater risk due to pollution than those located on the 
Ottawa side of the river. 

The anticipated sewage collection and treatment facilities for the 
Outaouais Regional Community should result in a decrease in the input of 
untreated domestic wastes into the Ottawa River. However, the period between 
now and completion of such a facility is likely to see a further increase in 
the levels of pollution of the river due to increases in population in that 
area. Because of this possibility it is considered imperative to regularly 
monitor the levels of pollution where they are most likely to have an impact 
on the health of the community. Such monitoring should also be able to indi- 
cate any further deterioration or improvements in this context. 

The true contribution of storm waters and sanitary sewer surcharges to 
the viral pollution of the Ottawa River is not known. Although these sources 
may be less significant thnn discharges of raw or inadequately treated sewage, 
studies should be undertaken to assess their role in this regard. 
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CONCLUSIONS 



The following main conclusions are based on the limited data brought 
forth by the virological examination of field samples in this study. 

(1) Based on the results of field sample examination, Watt's Creek Sewage 
Treatment Plant does not appear to be a serious polluter of the Ottawa 
River with viruses. 

(2) In view of this, higher than expected levels of viral pollution in the 
Britannia Beach and raw water samples indicate the presence of other 
sources of viral pollution. 

(3) Discharges of raw sewage and/or storm waters upstream of these sampling 
points may account for this pollution. 

(4) Detection of high levels of fecal coliforms in discharges from Aylmer 
Marina (Quebec) makes it one of the likely sources of viruses detected 
in Britannia Beach and raw water samples. 

(5) Concentrates of some of the potable water samples showed virus -like 
degeneration in cell cultures. Although this degeneration was found 
to be transmissible, at this stage it is not possible to say if this 
effect was in fact due to a viral agent . 

(6) Enteric viruses representing three major groups (entero-, reo- and 
adeno-) were represented in the virus isolates of this study. 

(7) Because of the limited duration of this study, it is not possible to 
draw any meaningful conclusions on the effect of seasonal variations 
on frequency and levels of viral pollution detected. 

(S) Inherent limitations of the sample concentra ion and virus isolation 
techniques may have resulted in the detection of only a small fraction 
of the viruses present in the samples. 



RECOMMENDATIONS 
Based on the results of this investigation it is recommended that: 

(1) Discharges of raw sewage (from the Quebec side of the river) or inade- 
quately treated effluents upstream of beaches and water treatment plant 
intakes be stopped as soon as possible. This one measure is likely to 
pay the highest dividends in improving the quality of water in the 
Ottawa River . 

(2) In view of the presence and increase in the quantities of point source 
discharges of raw sewage upstream of beaches and water treatment plant 
intakes, a close watch be kept on the quality of water in the Ottawa 
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River through regular virus monitoring programs by the appropriate 
ministry. (Water treatment at the Britannia Plant appears to be taking 
care of microbial pollutants in the river water, but a further increase 
in the level of sewage pollution may render it ineffective) . 

(3) A cohesive and workable policy be developed involving all those munici- 
palities that depend on the Ottawa River and its tributaries for potable 
and recreational waters as well as for waste disposal (lack of cooperation 
by a single municipality could easily undo the efforts and expense on the 
part of all others). 

(4) No changes be made at this stage in the system of water treatment for the 
Ottawa area. 

(5) No changes be made at this stage in the system of sewage treatment at the 
Watt's Creek Plant. 

(6) Studies be undertaken to investigate the extent of viral pollution of the 
Ottawa River due to storm water discharges and sanitary sewer surcharges. 

(7) In view of the difficulties in regular monitoring for viruses, continued 
reliance be placed on testing for bacterial indicators of sewage pollution. 

(8) Virological testing of raw and purified water samples from the Lcmieux 
Island Water Treatment Plant be undertaken (this plant is situated about 
six miles downstream from the Britannia Plant and the quality of river 
water further deteriorates -by the time it reaches that point. Samples 
from this plant are now being examined as part of the second phase of 
this study) . 

(9) Testing of Ottawa River water be undertaken to assess its viral pollution 
due to inputs from Brewery Creek, Gatineau River, Rideau River and effluents 
from Green Creek Pollution Control Centre (samples from these sites are now 

being examined as a part of the second phase of this study) . 

(10) In view of the recent advances in techniques for virological examination 
of the water environment, consideration be given to the formulation of 
tentative virus standards for potable and recreational waters. 



APPENDIX II 



Summary of Water Treatment 
Operation at the Lemieux Island Plant 
for 1977 
Data Provided by the Regional 

.Municipality of Ottawa-Carleton 



TREATMENT OF OTTAWA RIVER WATER AT BOTH THE BRITANNIA AND LEMIEUX 
ISLAND WATER PURIFICATION PLANTS CONSISTS OF THE FOLLOWING STEPS: 



1. PRECHLORINATION : The addition of sufficient (0.41 to 2.64 ppm) 
chlorine at the raw water intake to destroy pathogenic bacteria, 
control bacterial growths within the plant, and provide a slight 
chlorine residual after the filtering step. 

2. ALUM TREATMENT : The addition and rapid dispersion of (21 to 
46 ppm) aluminum sulphate (alum) to produce coagulation. A 
small pinpoint insoluble floe is formed which attracts and 
enmeshes colloidal colour particles, bacteria and suspended 
solids. 

3. ACTIVATED SILICA : Liquid sodium silicate is activated with 
(pre) chlorine and introduced into the raw water as a coagulant 
aid after the alum addition. It is used to enhance the strength, 
size and density of floe particles. Dosages will vary through- 
out the year (0.40 to 2.33 ppm as Si02 ) depending on pumping 
rates and raw water temperatures. 

4. SLOW-MIXING/FLOCCULATION : The process by which the small pin- 
point floe particles, formed in the coagulation process, are 
agitated in mixing chambers and collide to form larger and denser 
floe particles which can settle under quiescent conditions. This 
30-60 minute agitation period enhances the removal of colour, 
bacteria and suspended solids through the gentle collisions and 
attractions taking place. 

5. SETTLING : The process by which the floe particles are allowed 
to separate from the water by gravity. Slow passage through 
large sedimentation basins allows 70 to 90 percent of the sus- 
pended floe particles to be removed in this manner. 

6. FILTERING : The process which removes the fine suspended floe 
particles not removed by gravity in the settling basins. The 
supernatant "settled" water from the basins flows onto a filter 
and travels down through layers of specific-sized anthracite, 
sand and gravel where it is picked up in numerous lateral pipes. 
It is then conducted to a "clear well" reservoir where it is 
stored as "filtered water". 

7. pH CORRECTION : Since the alum treatment produces an acidic 
water (pH 5.5 to 6.3), it is necessary to correct this condition 
and avoid corrosion in the distribution system. Hydrated lime 
is added to the filtered water in order to maintain an alkaline 
pH of 8.4 to 8.6. 

8. FLUORIDATION : The addition of a specific amount of fluoride ion 
to the " finished water" in order to provide 0.90 to 1.10 mg/L 

of fluoride residual. Sodium silicof luoride (Britannia) and 251 
hydrof luosilicic acid (Lemieux Island) are used to obtain this 
level of fluoride. 

9. POSTCHLORINATIOK : Since most of the chlorine added as (pre)- 
chlorine is consumed within the plant, additional (post) chlorine 
is added to the "finished water" just prior to its leaving the 
plant. A postchlorine residual of 0.90 mg/L is maintained 
throughout the year. 



{1976 Dosages! 
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PHYSICAL, CHEMICAL AND BACTERIOLOGICAL CHARACTERISTICS OF 
OTTAWA RIVER WATER, RAW AND TREATED, OTTAWA, ONTARIO 

ALL ANALYTICAL RESULTS FROM SAMPLES TAKEN DURING 1978 
AT BOTH BRITANNIA AND LEMIEUX ISLAND WATER PURIFICATION PLANTS 



Constituent 
(mg/L unless otherwise noted) 

Physical 

Temperature, °C 
Colour, Hazen Units 
Turbidity, N.T.U. 
Threshold Odour, T.O.N. 

Chemical 





Raw Wat 


er 




Treated 


Water 


Min. 


Max. 




Mean 


Hin . 


Max. 


Mean 


0.2 
29 
1.0 
1.4 


25.2 

56 

20.0 
4.0 




9.5 

41 
2.7 
2.0 


1.6 

3 

0.20 


24.3 

5 

0.78 


11.0 
4 
0.40 



pH 


6.7 


7.5 


7.2 


8.1 


9.0 


8.6 


Total Alkalinity, CaC0 3 


11 


42 


19 


14 


43 


24 


Total Hardness, CaCOi 
Calcium Hardness, CaC03 


20.0 


54.5 


31.7 


34.8 


84.5 


52.1 


13.1 


37.1 


20.5 


26.1 


70.3 


40.0 


Magnesium Hardness, MgCO? 


2.1 


12.2 


7.0 


0.4 


14.6 


7.7 


Spec-Cond. Micromhos/cm 3 25°C 


56 


146 


83 


96 


204 


131 


Suspended Solids 


<0.2 


30.0 


(3.6) 


- 


- 


- 


Dissolved Solids 


36 


97 


65 


- 


- 


- 


Total Solids 


37 


127 


68 


63 


133 


87 


Dissolved Oxygen, O2 


7.2 


13.4 


10.8 


8.2 


13.7 


11.1 


Stability Index 


- 


- 


- 


7.6 


9.2 


8.7 


Chloride, CI 


2.0 


5.5 


3.0 


2.5 


6.0 


4.0 


Fluoride, F 


<0.10 


0.15 


(0.10) 


0.10 


1.15 


0.95 


'Aluminum, Al 


0.04 


0.41 


0.19 


<0.05 


0.19 


(0.11) 


Ammonia Nitrogen, N 


0.11 


0.45 


0.24 


0.03 


0.44 


0.16 


•Arsenic, As 


<0.001 


<0.005 


(0.002) 


<0.001 


<0.005 


(0.002) 


•Barium, Ba 


<0.02 


0.03 


(0.02) 


<0.02 


0.04 


(0.02) 


•Cadmium, Cd 


<0.005 


<0.005 


«0.005) 


<0.005 


<0.005 


«0.005) 


•Calcium, Ca 


9 


12 


10 


10 


21 


16 


•Chromium, Cr 


<0.02 


<0.02 


(<0.02) 


<0.02 


<0.02 


(<0.02) 


•Copper, Cu 


<0.01 


0.09 


(0.04) 


<0.01 


0.05 


(0.02) 


Iron, Fe 


0.21 


3.6 


0.65 


0.02 


1.2 


0.24 


•Lead, Pb 


<0.03 


<0.0 3 


«0.03) 


<0.03 


<0.0 3 


(<0.03) 


•Magnesium, Mg 


1 


2 


1 


2 


6 


3 


•Mercury, Hg (ug/L) 


0.12 


0.43 


0.29 


0.08 


0.51 


0.30 


•Nickel, Ni 


<0.02 


<0.02 


K0.02) 


<0.02 


<0.02 


«0.02) 


Nitrate Nitrogen, N 


0.03 


0.55 


0.31 


0.10 


0.55 


0.29 


•Phenols, (ug/L) 


<1 


<1 


(<1) 


<1 


<1 


«1) 


•Phosphorus (Total) , P0 4 


<0.02 


1.3 


(0.34) 


<0.02 


0.03 


(0.02) 


•Phosphorus (Dissolved) , PO4 


<0.02 


<0.02 


(<0.02) 


<0.02 


<0.02 


K0.02) 


•Potassium, K 


0.8 


0.9 


0.9 


0.8 


1.0 


0.8 


Silica, S102 


2.3 


5.0 


4.0 


2.2 


6.0 


4.1 


•Silver, Ag 


<0.005 


<0.01 


(0.0O5) 


<0.005 


<0.01 


(0.005) 


•Sodium, Na 


2 


3 


2 


2 


4 


3 


Sulphate, SO4 


11 


22 


16 


21 


36 


28 


"Zinc, Zn 


<0.01 


0.02 


(0.01) 


<0.01 


<0.01 


(<0.01) 


Microbiological 














Standard Plate Count/ml £ 37°C 


1C 


3,000+ 


(610) 


3 


10 


: 


Total Coliforms/100 ml 


5 


4,400 


136 *• 











Fecal Coliforms/100 ml 





600 + 


130) *• 











Algae, A.S.U./ml 


5 


116 


34 


c 





c 



Radiological 

Gross-Beta Radioactivity (pc/L) <9 



22 



(13) 



<9 



23 



(12) 



( ) Estimated value due to limited absolute results 

* Analysis performed quarterly during 1978 
** Geometric mean of daily samples 
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